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" PREFACE

‘A small group of rocket enthusiasts at the California Institute of )
Technology in 1936 requested and received permission to organize at the i !

Institute's Guggenheim Aeronautical Laboratory the GALCIT Research Pro-
t

ject;to investigate rocketry and its related aspects. The Project began ;i
as a private endeavor, and one of its own members financed the initial i.f
studles with a gift of $1,000. ' T

- From such a modest beginning has expanded the 1961 Jet Propulsion

| Laboratory, California Institute of Technology. And under the sponsor-
' ship of the U.S. Army Ordnance Department, the original GALCIT group,
. caniderably augmented since 1936, in 1944 undertook the research and
" development of a succession of rocket test vehicles, one of which
: became the first, the pioneer U.S. Army tactical guided missile--COR~-
. PORAL~~-American-~developed from drawing board to deployment in Europe.

The story of CORPORAL's birth, growth, and development into a full~-

fledged guided missile system is one of trial and error, a pattern of

devoted human endeavor studded with many failures and fewer heartening

'sﬁecesses, acknowledging each failure and profiting. from it, and striv-

‘_ipg toward the goal of providing the Army Field Forces with an efficient

deterrent to aggression. This story is one of improvisations, of making

' do what was available in materials and components, and of feeling the

- way as explorers into the unknown, uncharted realm of. rocketry.

In the language of CORPORAL's sponsor, the Ordnance Deparfment

‘initiated its guided missile program with full realization that it was

pioneering in a new field and that, before guided missiles could be pro-

}Jduced it was mandatory that competent scientific staffs be built up;
‘a comprehensive and long-range research program be initiated adequate
: g;test facilities be established. o

- The prime objective of the Ordnance Department in the development

of guided missiles from the program!s initiation was to provide for the

United States Armed Forces weapons whose pegformaﬁce in combat would be

secpnd to none. 1In attaining this objective, the basic policies of Ord-

nance have always been and will continue to be:

v~ , L - _ ix . ,-'
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1. Maximum utllizatlon of the talent avallable in the most cap—
able scientific and commercial institutions of the United States.
-2. Establishment of integrated projeets designed to develop in a
" step-by-step procedure effective missiles, control equipment,
'and launchlng gear for use in surface-to surface and surface-
fto—air appllcations. ]
- 3. Utilization to the fullest of all Government arsenals and lab-
oratories to promote the most efficient and economical develop-
"ment of suitable guided missile weapons. |
4;,:Full and free cooperation with all other agencieé engaged in
' guided mlss1le development, since such cooperation will benefit

the national guided missile effort.

This was Ordnance's objective and policy as announced in April

"1949. Ready at hand, with eight years basic research in rocket propul-

‘sion and propellants behind the group, the initiation of Ordnance's

‘guided missile program had in 1944 found the GALCIT Research Project,

‘;whose desire back in 1936 had been to launch a sounding rocket into the

,upper reaches.

_Let it not be forgotten, too, that the somewhat rude, rough

.uncouth pioneer CORPORAL blazed the trail through a wilderness of dynam-

ics; aerodynamics, and electronics, as applied to guided missiles,

T "peinting out the path for manufacturers and military personmnel to follow

- with the designing, fabrication, and operation of more‘refiﬁed, sophis~-

‘ticated second and third generations of such missile weapon systems.

The following chronology documents the progressive milestones,

"'clearly indicating the "firsts" that made the CORPORAL development pro-

_gram a dramatic one, indeed.

CUNCLASSIFIED ¢
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| . ORDCIT PROJECT AND CORPORAL PROGRAM FIRSTS,
. ‘ .’ TOGETHER WITH OTHER PERTINENT INFORMATION

Extracted From

e e : : ;
A TR "Chronology of Slgnlficant Events in the CORPORAL Program,'" a type-

. written document located in the SERGEANT-CORPORAL PrOJects Office, R&D
Operations, ABMA. o o o

: Department of the Army Pamphlet Nr. 70- 10 "Chronological History
of Army Activities in the M15311e/5ate111te Field 1943- 1958 " Head~

R quarters, Department of the Army, 17 September 1958-

- Summarizations from various documents other'than those listed.

. "Surface-to-Surface Reference Book, " Section II: "Chronology of
“: o the CORPORAL Missile System," U.S. Army Ordnance Missile Command Red-

: RS stone Arsenal, Alabama, December 1959. o .
‘ll" * ' - . | | . '?*~»A
B ) : Technical Report, "Ordnance Guideo Missile & Rocket Programs,'
: Vol. III, "CORPORAL Field Artlllery Guided Missile System, Inception
) Through 30 June 1955." '
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' : "ORDCIT PROJECT AND CORPORAL PROGRAM FIRSTS,
* TOGETHER WITH OTHER PERTINENT INFORMATION

© 1936

24 Ma&

.. 26 May

22 Jun

.1 Jul

‘Nov

" Dec

72 Jam

1944

1944

1944

1944

1944

1944

1944

1945

A grdﬁp of California Institute of Technology (CIT)
- graduate students, guided by Dr. Theodore von Karman,
Director of Guggenheim Aeronautical Laboratories (GAL),

‘L organized themselves for the first unified investigation

of rockets and related fields in the United States, with

“-initial research financed by a private gift of $1,000.

Out of this organization grew Jet Propulsion Laboratory
(JPL) . .

ORDCIT Project, first of U.S. Army Ordnance inte-~
grated missiles projects, planned to progress from test
vehicle to guided missile, was initiated at CIT, and
Jet Propulsion Laboratory was soon thereafter organized--
JPL/GALCIT, CIT. : .

First interim contract was entered into for research
and development leading to long-range rocket missiles,

First tentative military characteristics were
established for pilot models.

_ First definitive contract for U.S. missiles research
was placed with JPL/CIT, providing for orderly develop-
ment of rocket test wvehicles and all related fields,

" leading eventually to tactical CORPORAL, by way of PRI~

VATE A, PRIVATE F, WAC CORPORALS A & B, BUMPER WAC, and

" CORPORAL E.

R&D Service Sub-~Office (Rdcket) was established at
CIT.

Studies, theoretical calculations (inclﬁding trajec-

tories), and drawings of a tentative CORPORAL had already

begun to take form.

First firings of a ﬁéét vehicle as part of the first'

integrated development program designed to lead to a

., - gulded missile occurred at the Leach Lake, Leach Springs,
_ ‘California, area--PRIVATE A, first U.S. step~rocket--
" *crude but a step-rocket nevertheless.

Establishment of the first large-thrust rocket motor
test station, together with all related facilities, was
approved. Location: Muroc, California; motor to be
tested: the 20,000~pound-thrust CORPORAL motor, the
first motor of such high thrust to be designed and built
in the United States. ‘ '
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Feb-Apr T PRIVAIE§'A F and crude CORPORAL rocket models
1945 were subjected to supersonic wind-tunnel tests at Aber-

. . deen Proving Ground--the first such Army Ordnance tests
: . - " of rocket models.

‘ ,Apr 1945 PRIVATE F firings were the first to prove that . !
. e . winged ballistic missiles required guidance control to
C e effect stabillty in flight.

‘2$'Jun 1945 o Work was begun on construction of facilities of the
R R newly‘?cquired White Sands Proving Ground (WSPG), an
: ...~ ... . . acquision necessitated by development of ORDCIT Project.

26 Sep 1945 TINY TIM, WAC CORPORAL's booster, became the first
o : rocket to be test-fired at WSPG.

t ~ .. 1 Oct 1945 WAC CORPORAL A (quarter-charged), first U.S. hlgh- ‘
‘ ' ) - altitude test rocket and first U.S. two-stage rocket to

- . . . .  demonstrate successful separation of first from second

% T - T - stage in free flight (outside launcher), was also first

oot ' to carry a nose release recovery system, though its

operation was unsuccessful.

11 Oct 1945 WAC A Round 5 was the first U.S. missile to carry
I radiosonde equipment, although it failed to functiom. ,
A - Round 5 reached a 235,000-foot altitude, a record for a
P L : U.S. test vehicle at that date. The lst Guided Missile
ST S Battalion was activated at Fort Bliss, Texas.

o " 12 Oct 1945 | WAC A Round 6 was the first U.S. missile to carry
‘ : a "radar window," or beacon.

19 Oct 1945 JPL deeded to the U.S. 31.5 acres and facilities
. occupying the land tract, making the U.S. Government
owner of JET PROPULSION LABORATORY land and facilities.

- Late 1945 The first U.S. large-thrust rocket motor was,tested»
- o . at the new Muroc test stand--the 20,000-pound-thrust COR-
- PORAL aniline-red fuming nitric acid (RFNA) liquid pro-

pellant motor. -
.6 Dec 1946 Round 12 of the WAC firings at WSPG was the first
B e e WAC B, with a newly designed, much lighter motor, and
wag the first U.S. missile to carry oxidizer and fuel
. burst-diaphragms. Burst-diaphragms proved their value
: ‘ L " durin~ WAC B and BUMPER firings and persisted throughout
-, -~ 7 7. - CORPG..AL development and deployment. Round 12 had the
: e -~ first successful parachute operation. The entire missile
~ was recovered. WAC B's air and propellant tanks were
. individual instead of a single partitiomed cylinder, and
the air tank was moved forward of the two propellant
tanks.
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12 Dec 1946 -

22 May 1947

- §pripg'1947

. 20 Jun 1947

13 May 1948

- 1 Nov 1948

- 24 Feb 1949
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recovery of instrumentation--telemetry.

'CORPORAL E, first U.S. surface-to-surface guided
ballistic missile, accepted guidance corrections, and

“attained a range of 63.5 miles and an altitude of 129,000
. feet; it was powered by the first U.S. developed and -
.. tested large-thrust rocket motor, essentially a scaled-

. up WAC motor, and having a 20,000-pound thrust, burning

RFNA-aniline-furfuryl alcohol propellant combination.

Battery D, lst Guided Missile Battalion, furnished
the:first all-soldier crew ever to fire a missile in the

~United States--a WAC CORPORAL B.

Ordnance eéstablished as a part of HERMES Project
(General Electric Company) development of a two-stage
research vehicle--BUMPER--to consist of WAC B mated to
the German V-2 (or A=4)

BUMPER Round 1, with a partially charged, solid-
propellant second stage (Dummy WAC) , was successfully
fired at WSPG. This was the first large, two-stage
rocket to be launched in the Western Hemisphere. In-
flight separation was proved. The first U.S. spin roc-
ket, first used on this first round (Dummy WAC), was
developed especially for the BUMPER Program to provide
aerodynamic stabilization for second-stage WAC after

~ separation from V-2. This spin rocket demonstrated its

own success during those firings which were themselves
successful. : :

BUMPER WAC Round 4 was the first U.S. missile to
have a burst-diaphragm over the exhaust nozzle, designed
to insure proper motor starting conditions at high
altitudes by preserving ground~-atmospheric conditions
for second-stage start.

‘ R -

BUMPER WAC CORPORAL Round 5 was the first missile

.to be used to measure temperatures at extreme altitudes,

carried telemetry which transmitted to ground stations

- technical information concerning conditions encountered

~ during flight, and demonstrated feasibility of seperation
~ of two-stage rockets at very high altitudes. This was

- the first time radio equipment had ever been operated at

such extreme altitudes. Round 5 attained a speed of

"~ 5,150 miles per hour and an altitude of about 244 miles,
.. the greatest velocity and highest altitude ever reached
. by a-'man-made object, with the latter record awaiting

WAC's lineal descendant, AEROBEE, to break the altitude

record at a much later date.
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21 Apr 1949

-7 June 1949

,‘ - the way to tactical CORPORAL.
‘phragm modified for the axially cooled motor.

22 Sep 1949

1949

. 18 Jan 1950
Jun~-Jul

1950

11 Jul 1950

29 Jul 1950

79 et 1950

-

" Dec 1950

.2 Jan 1951
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BUMPER WAC Round 6wasNt§eLﬁ§§3!E,Eat vehicle

designed to obtain cosmic ray data at altitudes unattain-
able by other rockets, although first stage V-2 failed.

CORPORAL E Round 4 proved CORPORAL's modified pro-

. pulsion system, including newly designed, axially cooled,

125-pound motor, basically the same system persisting all
Round 4 also carried dia-

Review by Ordnance of U.S. missile programs resulted
in selection of CORPORAL E to be developed into the first
U.S. tactical guided missile.

Seven CORPORAL E airframes were produced by Douglaé
Aircraft Company to be used in R&D firings, JPL instal-
ling guidance and control components.

JPL was directed by Chief of . Ordnance to expedite

~ CORPORAL development toward the goal of interim tactical

guided missile.

The 1st Guided Missile Group participated in prepara-
tion for the firing and the firing of BUMPER Rounds 7 and
8 at Long Range Proving Ground (LRPG), Cocoa, Florida.

CORPORAL E Round 5 was the first to carry JPL's
electronic autopilot, together with certain elements of
a modified ground guidance system (including modified
SCR-584 radar) to expedite early operational status of '
CORPORAL as an interim tactical missile, since, as di-
rected by Ordnance, existing components were to be used

" as far as practicable.

BUMPER WAC CORPORAL Round 7 broke WAG's previous
record in velocity, attaining 8,213 feet per second--

 Mach 9--at LRPG, Cocoa, Florida, and that was in the

-

dense atmosphere of a low altitude.

Douglas received a contract for fabricating 20
CORPORAL rounds to be used in JPL's R&D firings.

CORPORAL was the first U.S.“missile.to be apprb@ed
as an atomic warhead carrier. ) T

Ordnance placed witﬁ JPL the first definitive con=-
tract calling for development of a complete missile sys-

- tem==CORPORAL. 7‘




Jan 1951 . . ‘CbﬁPbRALsEfﬁound 7 L&!“E rst of the series to
o carry the newly developed inflight shutoff.

Jan 1951 ‘ CORPORAL authority was assigned to Redstone Arsenal
: ' Alabama. FE , v ,

. Feb 1951 JPL formed the first publications group to document 7 .
- ......technical data for use in manuals for CORPORAL-~-the e
- first such program in the U.S. missile field.

30 Mar 1951 Implementation of recommendation for production of

S 200 missiles and prototype ground equipment resulted in -
. first. production order of tactical guided missiles. An
~+additional increase of 120 missiles was later made.

6 Jun 1951 D/A, at request of Ordnance, authorized expenditure
SRS + of FY 1951 funds amounting to $9 million to expedite mis-
sile procurement.

- 29 Jun 1951 n Firestone Tire and Rubber Company became production

contractor for the first 200 missiles through selection
by Board of Awards in meeting at Redstone Arsenal,
.Alabama. ,

" 17 :ﬁ1'1951 ‘ _ A letter order amounting to $6 888 796 was placed

L : with Firestone. . .

1951 JPL's Hydraulics Laboratory was modified to accom~

: ‘modate a 45-foot missile in a vertical position for
hydraulic and pneumatic checkout--another first for the

sake of CORPORAL. ) — o ‘

1951 . A 12- inch supersonic (to Mach 3. 5) wind tunnel and
one of 20 inches (to Mach 4.8), both among the first in
-the United States, were completed.

~ Jul 1951 JPL's CORPORAL School prepared to get under way,
o 2 ‘with 5 Ordnance and 5 Field Forces personnel taking part--
. the first officially initiated school for purely missile
. .. . .training--CORPORAL, that is. Two classes were graduated
e and went out to become instructors. e e

-10 Oct 1951 ' CORPORAL E Round 11 (Round 10 not flown).was first S -
e " to carry the delta fin configuration, basic pattern of.
jfuture tactical CORPORAL.

- 6 Dec 1951 CORPORAL E Flight 11 was the second U.S. missile to
R ) have the delta fin configuration and first to carry ele-
- ments of the warhead equipment. Prototype radar, Doppler,
~ and computer equipment were employed in Flight 11

i UNGLASSQFIEB
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-+ 20, 27
. 25 Jun

“'Mar

":'Mar

. 10 Mar

.19 Dec

.30 Jan
- to
22 Jan

‘ 3 Feb

’l6 Feb

11 Jun

7 Jul

1952

Feb

1952
1952

1952

1952

1952

1953
1954

1953
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1953

1953
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Contract'for 200 Type O spare

parts, and documentation was placed with Firestone--the

. first such contract executed in the United States (C£

-above for contract developments), replacing letter order
of 17 July 1951.

A combined NIKE and CORPORAL Direct Support Company
was approved. CORPORAL Section was later designated 96th

" Ordnance Direct Support Company, CORPORAL and became the
~ first Direct Support Company to go overseas. '

Study was made by JPL as to feasibility of CORPORAL's
becoming an antiaircraft missile. A conditionally favor-

) able report was made.

The Prov1sional Redstone Guided Missile School was
established at Redstone Arsenal, Alabama.

Thfee CORPORAL battalions were activated--the first
ballistic missiles units to be activated in the United
States.

CORPORAL and NIKE shared honors in the initiation
of the first guided wissile training program begun at
Redstone Arsenal, with 7 officers enrolled for the very
broad, general course.

Defense Department approved procurement of 465 mis-
siles to arm 6 battalions, each with 2 firing batteries.
These improved CORPORALS were to be designated as Type II.

Engineer-User (E-U) program of firing 14 CORPORAL I
missiles was completed~-the first such program and a pat=-
tern for those to follow in missile development.

Military personnel fired their first CORPORAL mis-
sile. ‘ ‘
< - . ' . a '

OGMS, Redstone Arsenal, Alabama, was designated as
a D/A service school and a Class II activity.

Gilfillan Brothers, Inc., contracted with Ordnance

" to redesign the CORPORAL guidance system--later to be
, " known as CORPORAL IIA--and to continue component improve-
- A-ment to eventuate in CORPORAL III.

The first CORPORAL I tactical equipment was used in
firing a CORPORAL missile.

UNBLA%?!FEED
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23 °Sep 1953 ' First Maintenance Plan for guided missiles and
L -+ assoclated equipment was published and distributed to
‘the Army--another CORPORAL first.

© 19 Oct 1953 A supplemental agreement provided for development ‘ .
...~ and fabrication of prototype models of improved ground
. ..and missile guidance and control equipment to be known

~ as Type III CORPORAL, Gilfillan contract.

-~ Late 1954 An agreement was reached between the United States .
... and the United Kingdom (UK) in which the Unites States 7
: . .agreed to furnish UK 113 Type II missiles and associated
© ' {ground equipment--the first U.S. guided missiles destined
) - for service in a foreign country to be used by a foreign
“: ... _power. Later, British Army personnel underwent trainin
'~ . at OGMS, Fort Bliss, and WSPG as a cadre to set up mis-
sile training in a planned service school in Britain.

T-IO Oct 1954 - Specialist courses and "Unit Commanders" courses
T ’ . were approved for imnstruction at OGMS. |

. :4,N6v51954 ' hj Unit Training Center was established at OGMS for
SR . activating, organizing, and training direct support com-
" panies. , ‘ R

o L

1 Jan 1955 Office, Chief of Ordnance, took over CORPORAL atomic
" : - warhead development from Atomic Energy Commission.

Jan 1955 A heavy maintenance team %as activated to provide
back-up support of a direct support company overseas. _ .

Feb 1955 The first CORPORAL battalion--the 259th--and 96th
Direct Support Company, with Type I equipment, were
- deployed to Europe-~-the first U.S. missile unit to be
deployed overseas. The 246th and 247th Battalions
remained at Fort Bliss, Texas. ’
. . - N < - - - . . . - - Lo
7 .Spring 1955 . A contract was executed for the UK 113 CORPORAL
R - missiles (Type IIA) and associated equipment (Cf pre-
B - - vious mention of the U.S.-UK agreement) . S T .

}?F 28 Sep 1955 A Redstone Arsenal study recommended a pian for ' h -
LT -+ integrating Type ILI CORPORAL system into the CORPORAL.

20 Dec L955 . Modification of Gilfillan Contract ORD-681 provided o
Coe _ for incorporation of Type IIA guidance components on all
PN I e T ,'"'missile production beginning January 1957.
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17 Jan

28 Mar

'.25-Apr

. 30 Jun

’30 Jun

. 23 May
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During

- 1958 -

1956
1956
' Spring 1956

1956

1956

1956

1957

1958
1958

1959

. 1961
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Chief of Ordnance dir it al, Red-~

stone Arsenal, to continue the CORPORAL Type III program’

" to provide an "on-the~shelf" item.

Redstone Arsenal presented d plan for a "shelf-item'

program for Type III CORPORAL.

The 259th CORPORAL Battalion ﬁas replaced in Europe
by units equipped with Type II CORPORAL systems.

Chief of Ordnance recommended continued development
of Type III CORPORAL system with FY 1956 and FY 1957
funds and production with FY 1958 funds.

Contractor had completed fabrication of one tactical
prototype model of Type III ground guildance equipment
and missile test truck and was conducting system tests

" at contractor s plant.

A total of 12 CORPORAL battalions had been activated
and provided with Type II equipment, with 6 battalions
(single~fire unit) deployed to Europe and 2 others sched-
uled to deploy in September 1956. System reliability

" had improved to 74 per cent. AlLl R&D activities relating
to Types I and II CORPORAL systems were terminated.

.As of this date, 358 CORPORAL Type II missiles and
19 sets of ground equipment had been delivered.

CORPORAL Type III R&D program was terminated.

Industrial Engineering Flight Test Program was ter-
minated. ‘ , .

Troop~test inflight reliability of 82 per cent was
attained. : .

CORPORAL IIB was being produced.
. ‘

CORPORAL is'still standing on guar&.
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INITIATION OF THE ORDCIT PRQJECT

HISTORICAL DEVELOPMENT OF THE JET PROPULSION LABORATORY (JPL)

The GALCIT Rocket Research Project

'(C) . In 1936, after obtaining approval from Dr. Theodore von
K;rmén, Director of the Guggenheim Aeronautical Laboratory, California
Institute of Technology (GALCIT), a group of rocket enthusiasts formed
the GALCIT Research Project at the Institute. Really, the Project was
privately initiated by the following research group: Frank J. Malina,
'Hsue-Shen Tsien, A. M. O. Smith, John W. Parsons, Edward §. Forman, and
Weld Arnold. Early research phases were financed by a fund of $1,000
from Weld Arnold.. : .

(C)  Initial investigations of the group included a broad study
1aniving rocket propulsion aspects, including theoretical studies of
the flight performance of a sounding rocket, since the development of a
‘ high-altitudé vehicle of this naturé was of primary interest. Included,
- oo, were s;udies of rocket motor designs and of both solid- and liquid-
propellants. ' In the course of these investigations, several members of
the group wrote papers. ) - o

(C) By 1938, under ﬁhe sponsorship of the National Academy of
‘Séiences and the Army Air Forces (AAF), activities of the rocket group
. were centered on developing liquidf and solid-proPeIIant-type rocket
propulsion systems suitable for auxiliary propulsion of.aiycraft.' On
"1 July 1939 the Air Corps Jet Propulsion Research Project=--GALCIT Pro-

' Ject Nr. l--was initiated under the direétion of Dr. von K;rm;n. Bagi-
éally concerned was fundamental research on the application of rockets
A and jet propulsion. o :

"~ (C) The Army Air Corps by the spring of 1941 decided to eliminate
the National Academy and to negotiate a,contract directly with CIT.
. Effective on 25 June 1941 and extended by periodic renewals until




30 June 1946, this contract became known as JPL~l. The primary objec-

tives and accomplishments of JPL-1l embraced the following:
1. Performance of the first take-off in the United States of an

~

aircraft assisted by restricted-burning solid-propellant units,
12 August 1941, March Field, California. ,

2. Developﬁent of the asphalt=-potassium perchlorate restricted-
burning propellant known as GALCIT 61-C, the only successful
restricted-~burning propellant then in service use-~-used in |

- Navy jet-assist-take-off (JATO) units.

3. Development of the first satisfactory theory on the operation
of a restricted-burning solid-propellant unit.

‘4. Performance of the first take-off in the United States of an
aircraft assisted by liquid~propellant rocket units, 15 April
1942, Muroc, California.

5. Development of the red fuming nitric acid (RFNA)-aniline liquid-

’ propellant rocket unit.

6. Design and test of the first high-performance liquid-propellant
‘rocket motor to operate et thermal equilibrium for a period

. exceeding 30 minutes. '

7. Design and test of the first regeneratively cooled mono-propel-

' lant-type (nitromethane) motor.

8. Design and test of the largest thrust motor (as of 1946) .
operated in the United States (20,000-pound thrust)

) (C) Lack of space and facilities had hindered the work of the

" GALCIT group from the time of its formation. Commencing in 1938 with

the expansion of its research activities, the GALCIT group found that

land holdings and facilities must likewise be expanded to provide space -

- and equipment for carrying on investigations. The declaration of war on

-1« Miles, Capt. R. C., compiler, "“The History of the ORDCIT Project "o
. up to 30 June 1946, pp. 1-10, Research and Development Service Sub-
Office (Rocket), CIT, Pasadena, California, n.d.; Malina, F. J.,"-
Report Nr. 4-18, '"Development and Flight Performance of a High-
Altitude Sounding Rocket, the 'WAC CORPORAL " op.e 1, JPL/GALCIT,
CIT, 24 January 1946. .
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8 December 1941 increased the importany W !Euentaﬂed the

assumption of additional research experimentation. Moreover, during the
ensuing years, land holdings and facilities were increased until the
final purchase on 1 February L1944 brought the total acreage held by the
GALCIT Project to approximately 65.415 acres, including 4.435 acres _;’

0y

. leased from the City of Pasadena, ;

(C) CIT's willingness to sell to the U. S. Government the propert&‘l
' devoted to the GALCIT Project resulted on 19 October 1945 in the sale of
31.5 acres at the nominal cost of $164 per acr;, for practically all
facilities had been financed by the Government. The U. S. Engineers
negotiated a lease of the acreage belonging to the City of Pasadena,

with 30 June 1970 as the lease's expiration date. By March 1946 the
| JPL, GALCIT, together with all its installétions, was valued at approx-
imatély $3,000,000 and owned entirely by the' Federal Government, insofar
as CIT was concerned.Z .

. (8) Closely allied with matters concerning land and facilities
weré the requirements for test-firing. In that relation, it became
evident in the early fall of 1944 that the accelerated missile develop-
ment program would require a land-range over which missiles could be
test-fired and after impact recovered for further study. Such studies
would imevitably make available data to aid in the development of future

missiles for military application.
(S) Criteria for the selection of a missile-firing range were

" established, and a group of speclally selected officers representing

the War Department and the Corps of Engineers visited the few sites con-
sidered "possible" and chose the area soon thereafter acquired and des-
" ignated White Sands Proving Ground (WSPG), later renamed White Sands
;Hissile Range (WSMR). While this tract of land was not so large as was
desired, being approximately 100 miles long and 40 miles wide, it was

chosen as most suitable for testing purposes.3

2. Miles compiler, op. cit., pp. 16-19, 44. See Document 1 for addi-
tionai information concerning the beginning and growth of JPL.

3. Brown et. al., "Development & Testing of Rockets & Missile at White

: Sands Proving Ground, 1945-1955," pp. 14-16, Historical Information
Branch, WSMR, New Mexico, 1 October 1959. See Document 2 for addi-
tional information concerning land arﬁ,Nition to create WSPG.
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Rgporté'éf'German Missiles

. (U) World War'II was, of course, responéible for the increased
interest in jet propulsion research. During the early part of 1943,
British Intelligence reports, forwarded to Dr. von Kérm;n by the Experi-
mentaliEngineering Division, Air Materiel Command, credited the Germans
with perfection of large jet-propelled projectiles capable of ranges in
excess of 100 miles. Information contained in these reports was usually
sketchy and' often contradictory. Dr. von Kérmén was asked for study and
comment concerning these reports, which he provided in a letter dated
2 August 1943.

Feasibility Studies of Developing U. S. Jet-Propelled Missiles

(U) Progress in the field of jet propulsion by the Army Air Corps
Jet Propulsion Research Project, the National Defense Research Committee

‘(NDRC), and the Aerojet Engineering Corporation had indicated that the
development of a long-range rocket projectile was within engineering
feasibility. At the suggestion of Col. W. H. Joiner, AAF, Materiel Com-
mand Liaison Officer at CIT, von Kérm;n and two of his associates, Drs.
@alina and Tsien, prepared theoretical studies analyzing performance and
desién of long;range missiles. An attempt was also made to reconstruct--
on the drawing board--the German type of long-range projectile. Inso=-
much as the data secured from prisoners of war generally indicated that
those projectiles were of the ramjet type, the reconstruction studies
'wére concerned primarily with rocket-boosted ramjet projectiles.
(U) Results of these studies showed that ranges in excess of 100
‘miles could not be realized with propulsive equipment then (November ’
1943) in the United States. With the equipment already de&eloped for

_aircraft superperformance,* however, rocket projectiles could be con-

structed having a greater range and carrying a much larger explosive

load than those currently employed by the Armed Forces. Furthermore,

"%  The rocket used as a JATO for comventional aircraft resulted in
"superperformance" in that the aircraft became airborne without the

. customary very long run preceding flight. Moreover, JATO enabled
bombers to become airborne with heavier payloads.

(UNGLASSIFIED
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by developing a special type of propulsive equipment of the "athodyd'*
type, ranges comparable to those claimed by the Germans might be achieved.

1 ¥
The Development Program Proposed by Dr. von Karman and Associates

tU) Admittedly, the solution of the engineering problems connected
with that type jet unit required considerable time. On the other hand,
a large amnunt of immediately useful information was to be accumulated
by experimentation with projectiles utilizing aircraft superperformance
gquipment. Dr. von K;rmén, appraising the situation, set forth several
coordinated phases as necessary to a development program.

(U) First, firing tests of a projectile propelled by a restricted-
_burning solid-propellant unit produced by the Aerojet Engineering Cor-
poration and boosted during launching by unrestricted-burning solid-
propellant rockets developed by NDRC. This projectile was to weigh
approximately 350 pounds and to carry a 50-pound payload for a distance
of 10 to 12 miles. Firing tests were to provide information on problems
of launching, stability, and control, and for verification of perform-
ance calculations. .

(U) Second, the design of a 2,000-pound rocket projectile propel-
led by a liquid-propellant jet unit developed by the Air Corps Jet Pro-
-‘nulsion Research Project and manufactured by Aerojet. This projectile
was to carry a 200-pound explosive load for approximately 12 miles.

This phase needed starting as soon as sufficient information had been
obtained from Phase 1 on the design of the projectile shape, stabilizing
fins, and launching technique. At this point, von Karman s expressed

‘ opinion was that the program under Phase 1 should initiate experiments
on the effect of adding wings to the missiles. ’ ’

(U) Third, von Karman considered it desirable to make a study of
design and characteristics of the athodyd-type propulsion unit

* The "athodyd'" (or aerodynamic duct jet unit) is similar to other
thermal jet units, with the exception that pressure in the cowmbus-
" tion chamber is obtained directly from the dynamic air pressure
- resulting from the velocity of flight. This jet engine consists
essentially of a continuous duct, or tube, of varying diameters,
admitting air at the forward end, adding heat to it by the combus-
tion of fuel, and discharging it from the after end. The ramjet
engine 1s an example of athodyd.

UNCLASSIFIED




s

6 ~ "UNCLASSIFIED

~

simultaneously wiﬁh the first and second phases of the projectile
development. This type jet unit was expected to be more efficient than
othérs at velocities exceeding the velocity of sound. Von K;rm;n con=-
sidered the best means of this investigation would be to make a ground
instailétion in which tests could be carried out by using a compressor
unit cépable of blowing a considerable qﬁantity of air through a duct
and combustion chamber system. He considered the development of the

| a;hédyd-type unit important for both the long-range projectile and the
éeﬁeral propulsion of aircraft at very high speeds.

(ﬁ) Fourth, upon obtaining design information from the first two

phases on projectile development and the results of the special jet unit

development under Phase 3, the design and construction of a projectile

] weighing 10,000 pounds or more and having a range of the order of 75

‘miles was to be undertaken.

(U) Dr. von Karman believed that the projectiles developed in the
first two phases would possess immediate military usefulness, thereby
justifyiﬁg the effort expended independently of the general development
program. Furthermore, the knowledge gained on the behavior of wings and
the control surfaces at supersonic velocities was expected to prove very

. valuable to the designer of high-speed aircraft and remotely controlled
unmanned missiles. Perhaps missiles such as glide bombs then being
developed could be equipped with jet propulsion units. These studies
‘were expected to yileld information on the possibilities of accelerating

such devices up to and beyond sonic velocities. On the other hand, the

. results collected from the ground launching tests should yield important

data for the case of launching rocket-propelled devices from aircraft and
from surface vessels. In fact, the absence of recoil forces opened up a
wide field for application of jet propulsion to large~caliber and long-

" range missiles.?

- 1 L} ’

4. von Karman, Theodore, Memorandum Nr. 1, '"Memorandum on the Possi-
bilities of Long-Range Rocket Projectiles,'" pp. 1-4; Tsien, H. S.,
and Malina, F. J., "A Review and Preliminary Analysis of Long-
Range Projectiles, passim, JPL/GALCIT, CIT, 20 November 1943.
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ORDCIT Project Initiated

(S) As a result of these studies and recommendations, Maj. Gen.

G. M. Barnes, Army Ordnance Department, in January 1944 requested that
CIT undertake a research and development program on long-range, jet-
propelled vehicles. This request led to the ORDGIT Project, the first
of its kind in the United States.

j (S) The first contract between the Ordnance Department and CIT--

' Contract Nr. W—OA-ZOO-ORD-396-;was for an interim period of 90 days fol-
' ldwing 24 May 1944 and was allocated $25,000 to initiate the program.
During the interim period, on 22 June 1944, a second and larger contract
was executed--Contract Nr. DA-04-200-ORD-455. The ORDCIT Project was in
business. 1In the interest of more efficient administration, the GALCIT
. Research Project was reorganized and designated as the Jet Propulsion
Laboratory, Guggenheim Aeronautical Laboratory, California Institute of
Technology--JPL/GALCIT.5

(C) The definitive contract was finally accomplished on 16 January

1945, or several months after the ORDCIT Project had gotten under way.
Officially, it was Contract Nr. W-04-200~0RD-455, but was usually identi-
.fied as JPL-4. Facilities for the research called for under JPL-4 were
~ covered by a sepérate contract, Nr. W-04-200-ORD-703, and known as
JPL-5.6 | T ' _

(C) JPL-4's primary purpose was to execute the development of a
'long-range guided missile. However, the contract encompassed such addi-
.tional projects as fundamental research on propellants; matters involved
in rockets and ramjet units, on remote control equipment, and on high-

- speed aerodynamic problems; materials; and provision for the engineering,
design, and fabrication of Prototype missiles suitable for firing tests.

5. Millikan, Clark B., "Final Report ORDCIT Project, Contract Nr.

W-04-200-0RD-396," passim, JPL/GALCIT, 1 November 1944.
» 6. .MiIES’ 22- cito, ppo 3 870 T A :
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(C) As to objectives, the ORDCIT Program was to increase progres-

~

sively the size and the range of the various missiles, commencing with
the PRIVATE A and extending through the SERGEANT. At the termination of
hostilities, however, the program was immediately revised, and the
SERGEANT missile was eliminated.’

7. ‘Miles, op. cit., p. 34. For additional information concerning the
extent of the ORDCIT Program, see Document 3.
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- PRIVATE A

" PROGRESS DURING THE NINETY-DAY INTERIM CONTRACT

(8) The know-how gained By JPL's staff during their earlier
) research provided a logical foundation for the extensive program con-

'“fronting them. A carefully planned, step-by-step progression was imme-
diately_laid out for solving innumerable engineering problems involved
in harnessing this untried form of power'to practical missile applica-
tion. Objectives of the original 90-day contract were ambitious and
comprehensive but were apparently in all cases met or exceeded. The
ORﬁCIT-Project's organization was practically conpleted, and progress

. was made on the most urgent aspects of the problem. Achievement of the
Project 8 objectives is indicated as follows:

; 1. Considerable progress was made in theoretical calculations of
trajectories, performances, stability, and general character-
1stics of missiles, but no calculations were completed.

2. 1In the development of appropriate rocket motors, JPL/CIT
occupred a stronger initial position. Data already available
at JPL were applied to two specific missiles being designed for
the ORDCIT Project. These data were'furnishedlthe design sec~
tion and served as the basis for the engineering design of these
two missiles. A number of solid propellants had been investi-
gated in connection with rocket motors. '

_ _é. Practically all the work connected with the developmenr of ram-
:.;‘ ~ jet propulsive systems consisted in designs of facilities and

-“.:_ equipment for laboratory tests of such systems. As of_l Novem—;k
ber 1944, work was continuing on ramjet development.

;4; _Hork in connection with remote control systems consisted

~ largely in recruiting personnel and in conferring with repre-

- ‘sentatives from the Ordnance Department and potential sub-con-
e:tractors. The initial 90-day period witnessed no tangible -

results.
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5. In conn tibﬂ with the‘ﬁ n and ¢ ion of actudl mis-
; - 8iles and Iaunching gear for field test, practically all the
: reffort was expended on the design of Missile XF10S1000,%*
- called the PRIVATE, and its associated launching equipment.
6t During the 90~day period, aubcontracts were let, and construc-
tion was started on practically .all the elements connected with
- the PRIVATE. Preliminary design of a much larger missile was -
; ‘initiated but did not progress to the stage of finished draw-
- 6. Work of the field test section did not begin until shortly
"' after the expiration of the interim 90-day period.l

FINAL DESIGN OF PRIVATE A

(U) Although two models--A and B--of Missile XF10S1000 (the PRI-

VATE) were designed, PRIVATE B progressed no further than the drawing-
" board stage. The tail fin assembly of PRIVATE B was to have consisted

of ‘a ring encircling four blades, with the ring's outside diameter
slightly less than the maximm diameter of the missile, whose general
design followed the then current pattern of aircraft bombs.2

. (U) The final configuration of PRIVATE A followed closely the
theorefical design. As fabricated, the missile's over-all length was
afproximately 92 inches and its diameter 10 inches. ‘Its four fins were

'_ spaced at ninety degrees and extended 12 inches from the body. Comnsti- "
" tuting the missile's power plant, as planned in the original design, was
‘a 1,000-pound-thrust, 30-second-duration Aerojet 30AS1000 motor.¥* A -

o . This desigriation meant: X, experimental; F, fin tail for stahility,

.- 10 diameter in inches; S, solid-propellant rocket unit; A, first
.model of the type. The first model, was called PRIVATE A' PRIVATE

- B was contemplated but not built; and the winged PRIVATE F was con-
structed.

S K Millikan,’ Clark B., "Final Report, ORDCIT Project, Contract Nr.

W-04-200-0RD 396," pagsim, JPL/GAICIT CIT, 1 November 1944.

. 2« ORDCIT Memorandum Nr. 1, "Research Program for the First Type of

- Long-Range, Jet-Propelled Missile (XF10S1000-A and XFIOSIOGO—B),"
passim, JPL/GALCIT, CIT, 2 August 1944,

._ %% This motor was a JATO for aircraft and officially designated Aero-

Jet Model 30A31000 Jet Motor.

4;

f‘ﬁ




" AEROJET SOLID PROPELLANT JET MOTOR :
:zm
| 34°FOR 20 SEC.
|y, DRRRAGRES. : _ _e_e 2550 DIA; -
r 313 FOR 30 SEC. FULL4 : o
appRox 4 23" FOR 20 SEC.FULL =
25" FOR 20 SEC EMPTY Z
34" FOR 30 SEC.EMPTY
,,,,,,,,,, FORZOSECEMPTY o)
r
>
56} FOR 20 seC. a
73 £ For 30 SEC. :1
T
, MODEL “X2DAS 1000 MODEL X30AS 1000
RATED THRUST__ _ _ _ _ _ _ _ . _ _ ____ 1000 LBS — — o — 1000 LBS
RATED DURATION. . _ _ ____ _ e e A B BB e S 30 SEC
WEIGHT LOADED _ _ _ _ o o o _ 2'{0 L.BS _ _ ._ e __3851LBs
WEIGHT EMPTY _ _ _
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the first in the United States.

. form of a right-circular cylinder, was ignited at one end and burned

20-degree, eharplf peinied, hollow, conical nose was mounted on the
forward end of the motor. The initial weight and center of gravity of

the.misa}le were adjustable by varying the lead weights to be carried in
the'hollow nose. Depending on the amount of lead carried, PRIVATE A s
groas weight ranged from approximately 500 to 550 pounds.

¥ (U) The booster consisted of four unrestricted-burning, solid-pro- £
pellent Army 4.5r1inch Type T= 22 Artillery Rocket metors, with their

‘_noses removed and their forward ends manifolded together to insure 1 -

_ simultagggyg fié*BE-;_Thié bgggﬁer agsembly delivered approximately

22,000 pounds of thrust for 0.18- seeend duration. A forward cone, hol-
low in order to permit passage of the missile blast, was attached to
the assembly in such a manner as to provide bearing on the large external

puﬁ-éhreaded on the exhaust nozzle of tﬁe missiie. When launched from

.‘the;36-foot-1ong, four-rail, box-type launcher, PRIVATE A and its

booster, thus loosely mated, actually constituted a crude step-rocket--
4 : :

(U) With the advent of PRIVATE A, the restricted -burning solid—
propellant rocket made its debut in the ordnance field. 1In this mis=-
sile the 192-pound charge of the solid-propellant GALCIT 61-C, in the

'eway in parallel layers, which were perpendicular to the axis of the

charge. GALCIT 61-C consisted of 76 per cent pulverulent potassium

- _cﬁlorate and 24 per cent of an asphalt-oil mixture acting dually as fuel

and binder.>

3. Ibid., Mills, M. M., Report Nr. 4-2, "Thrust and Anertial Characﬁer--

. Istlcs of Rocket Missile XFIOSIOOOeA, PRIVATE A," pp. 1-2, 7-8, 17,

. "JPL/GALCIT, CIT, 19 March 1945; Sandberg, W. ., Barry, W. B., and

Mc Lean, R. S., Report Nr. 4-1, "Design of 'PRIVATE A,' Facilities iy %
- for Handling the Missile, and Launcher," Epssim, JPL/GALCIT, CIT, RS0
. 8 May 1945.

& Sandberg and McLean, Report Nr, 1, op. eit.

5. 1Ibid. See Document &4 for tabuler statistics of PRIVATE A, booster, G -4
S 3 "launcher. ; ) T

. o
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L ambvszoxvs_ OF PRIVATE A WITH BOOSTER
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©

BRL/APG, Supersonic Wind Tunnel Test Laboratory (SSWIL) Tests of ORDCIT
models. TOP: Basic PRIVATE A; BOTTOM: Basic CORPORAL: Photograph
dated 5 June 1945. :

" UNCLASSIFIED
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BRLIAPG SSWTL Tests of ORDCIT Models at Mach-1l. 72, PRIVATE F-= top view

Photograph dated 12 March 1945 e
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——*“—— ———————BRLfAPG SSHTLTestrbfmmdeh at-Mich3s72"
s LEFT: MR 18, PRIVATE A; Angle of Attack=0°
RIGHT: MR 20, PRIVATE F; Angle of Attack=0°
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Knife Edge at 0°;
Enife Edge at 180 ;

Photograph dated 9 February 1945
Photograph dated 1 March 1945
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BRL/APG SSWTL Tests of ORDCIT Models at Mach 1.72. -~LEPT: MP¥5; MEVATE P Minds Tail; Angle of

Attack = 10°; Knife Edge at 270°, Photograph dated 20 February 1945. RIGHT: MR20, PRIVATE F;
. Angle of Attack= 0 ; Knife Edge at 270", Photograph dated 21 February 1945. :
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CLEFT:  MR20, -PRIVATE |
RIGHT: MR20,” PRIVATE

o\

BRL/APG SSWTL Tests of ORDCIT )lol!!‘ls at-Mach EeTZs.
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Knife Edge at 1802 —, . Mmotograph dated
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a3l41SSYTONN



g s

UN

CLASSI

FIED

o R



a3ldisSvioNN

BRL/APG SSWTL Tests of JORDCIT Hodela at Mach 1.72. =

LEPT: MR3Z,-Fasic CORPORAL; Angle of Yaw-

100; Knife Edge at 2?00, Photograph dated,z March 1945. RIGHT: MR32, Basic CORPORAL Agﬁle

of Attack: 0°; Enife Edge at 270°,

Photograph dated 23 February 1945.
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If_(S) In October 1944 wind-tunnel tests were carried out in the ten-
foot subsonic wind tunnel at GALCIT on a model which was essentially a

full-scale version of PRIVATE A. To obtain test results with a model

. WIND-TUNNEL TESTS

" ‘approximating the contemplated CORPORAL, extensions of the cylinderical

. section were used. All configurations tested had conical noses and

6

:ectangulaf planform fins.

(U) Also, a series of models of jet-propelled missiles developed

under the ORDCIT Project underwent wind~tunnel tests at sub-sonic and
. supersonic speeds in the bomb tunnel at Ballistic Research Laboratory,
- Aberdeen Proving Ground (BRL/APG) between 9 February 1945 and 2 March

1945. The schedule included approximately 30 configurations tested at

._all speeds, the results of these tests being designed to determine the

aerodynamic coefficients on the three basic models (PRIVATE A, PRIVATE

. F,'and CORPORAL) and the effect of removing or changing wvarious compon-

‘ents such as tail surfaces, body lengths, and nose angles. In addition

- to the PRIVATE A and PRIVATE F models tested, CORPORAL configurations
’with'boattail, three different cylinderical body lengths, three dif-

ferent conical noses, and two fin planforms were tested, none of which

' configurations corresponded exactly to those of the CORPORAL vehicles

later field-tested.’ T ' ' . T
(U0) The aerodynamic forces on this series of models, at Mach 1.72,

cpﬁformed generally to those which might have been expected from a cal-
culation based on the simple theories then available. Lifting surfaces

_of aspect ratio above two were observed to develop lift equal to or in

* _excess of that predicted. In particular, it appeared that an airfoil

nttsched to a body might cause the center section of the body to develdp
&

- 6+ Pickering W. H., Report Nr. 20-100, "The CORPORAL, A Surface-to=-
", Surface Guided Ballistic Missile,' p. 19, JPLICIT, 17 March 1958.
<+ "planform" refers to a completely flat, or plane surface.
7. Puckett, Allen E., BRL Report Nr. 548, Laboratory Problem Nr. SS-2,
- "Wind Tunnel Tests of ORDCIT Models," passim., Ordnance Reaearch &
Development Center, APG, 25 May 1945. ;
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some lift. The lift coe!ﬁi
tested was considerably below that predicted.

-

UNCLRSSTRED

ol DAL AR Ph. )
gient of the oﬁ&‘iﬁw aspect ratio surface
8 ;

(U) The wave drag, that is, that part of the drag associated

uniquely-with supersonic flow, constituted a large part of the total

- drag on the models tested.

- (U), Tail surfaces provided on this model series furnished satis-

. factory longitudinal stability. Trim characteristics of the PRIVATE F
indicated that, at one supersonic speed, the lift-drag ratio was

improved by using a wing at 2 degreeébinqidauce.

(U). Lateral stability could not be computed from the force

" ecoefficients determined in this series of tests.9

: rmmc TESTS

(U) Fi:ing tests on PRIVATE A were carried out prior to the APG

wind-tunnel tests. Between 1 and 16 December 1944, launchings occurred

at the Leach Spring-Leach Lake area of the Camp Irwin Reservation, near

~ Bartow, Californmia. This site was chosen because it afforded an unre-

'stricted view of the impact area. The firm program was conducted by
representatives of Ordnance Liaison at CIT, of APG, and of JPL. 10

-(U) The test program was successfully carried out, and it yielded

_the.desired technical information. A total of 24 rounds was fired,
including 4 rounds of dummy PRIVATE A's to test the operation of the
launcher and the boosters, 2 rounds of one-third-duration charged PRI~
VATE A's to test the launching procedure and the stability of the mis-
. G}Iea,'and 18 rounds of fuliy charged PRIVATE A's for record test data.

(U) During the test program the firing elevation of the launcher,

vhich was adjustable in elevation only, varied from 50 degrees to 80.5

_degréea, with TSIdegreeé considered normal. The average raﬁga obtained

8.

-9

14 March 1945.

Ibid.

fal .respective configurations.
_-10.

Goldberg, S. J., Report Nr. 4-3, "Firipg Tests of '"PRIVATE A at
Leach Spring, Camp Irwin, California,” pp.. 1-3, JPL/GALC"T, CIT,

N s A
il 11

"S' Ay -a':

[bid. See Document 5 for tables of ORDCIT models teated and their
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--by the fully charged missiles was approximately 18, 000 yarda, with a

total included dispersion of 3,200 yards. Maximum range attained was .
11 : :

(U) A study of test and theoretical results led to several con- £
clusions: SRS
1. Deviation of the trajectories from round to round was consid-

erable, and it appeared that reasonable accuracy of a rocket

missile having extended range could be attained only with pro-
per control mechanism, especially during the burning period. “
2. A chief uncertainty in the drag calculations seemed to be in
 that of thrust, but the results apparently indicated that the
- ' values of the drag coefficient near sonic speeds were higher

than those estimated before and used for theoretical trajec-

o

tory calculations. One cause of the increase was thought pos-
gsible to be the yaw of the missile, the effect of the yaw upon
its drag appearing to be considerable. A decision was made
that study of the differential corrections was required to
ascertain whether such an increase in drag would cause an
appreciable difference in the range. It did seem undesirable
to have ‘a missile operate mainly in the transonic range, as
happened to be the case with PRIVATE A. Analysis of the results
showed no conclusive difference in the drag coefficient between
jet-on and jet-off. : ks : .

(U) The following points were emphasized as being necessary in

or&er to get more reliable determination of the drag coefficient:

1. Direct measurements of the velocity of the missiie would

greatly increase the accuracy of test results. | ’

2. Data in the post-burning period would be better for 3rag cal-
< i !‘[

A

culations, because these finds would be free from the

11. 1Ibid., passim. See Document 6 for round-by-round summary of fir-

12. Lin, C. C., Report Nr. &4-4, "The Exterior Ballistics of 'PRIVATE

A' from Analyses of Firing Tests," PP- 1-2, passim, JPL/GALCIT, cIT,

27 April 1945.
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uncertainties in the thrust. It appeared-desirable, therefore, to

obtain more extensive data during this period of the trajectory.
3 "
13. Ibid.
- UNCLASSIFIED
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o 3 * " PRIVATE A 4-Rail Box Launcher and PRIVATE A N"i.th Booster
S _' "_Specifications: i3 *. Dimensions: e - x
7 Range - 18,000 yds. ~ . Length 92 Ins. '
W _- Speed - 1300 ft/sec. ~ Diameter - 9.6 Ins
Sy 2 !" Guidance - Free Flight ~ Diameter b ;
' " . % Weights: - . cOver Fins - 33% Ins. -
-, ; Overall - 529 lbs. __ Booster - 4 - 4.5 Ins,
: Fuel - 192 1bs. T e T Solid Propellant ’
Warhead) _ ; ; ‘Rockets
. ~_or ) - 60 lbs. : LA Lk L ;
" Payload) dummy welght S R P g
|2 : i -
[ A .
[ 4
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PﬂRPQSE OF PRIVATE F ST LR = S L B 3

(U) The inyestigation of PRIVATE F (second Qf the series of test

_vehicles being developed by the ORDCIT Project) was an attempt to deter-
-mine the behavior of a noncontrolled rocket missile provided with lift-

ing surfaces, or wings. Calculated trajectories indicated that a range

about twice that of PRIVATE A could be attained provided stable flight

could be achieved.1

. - DESCRIPTION OF THE *PRIVATE F AND LAUNCHER

(U) PRIVATE F was essentially the PRIVATE A; that is, it con-

‘sisted of the Aerojet Model 30AS1000 Jet Motor modified to receive nose
‘and fin structures. No single description fitted the configuration of

the PRIVATE F, however, since its stabilizing surfaces were altered from
time to time during firing tests in attempts to achieve aerodymnamic

~stability in trajectory. Basically, the four symmetrical fins of the
" PRIVATE A were replaced with a single fin and two horizontal lifting

surfaces which spanned approximately five feet. Two forward horizontal
fins, spanning about three feet, were added to control the fore-and-aft
trim of the missile. g : |

~ (U) As in the case of the PRIVATE A and similarly modified, four

" 4+5-1inch Type T-22 Artillery Rocket units were manifolded together to
. Sexve as booster for the PRIVATE F. R U s B

(U) The launching boom had two instead of four rails, with the
rails Iocated above the steel framework. This launcher was 32 feet long

-_-und was .adjustable in elevation ouly.z

1. Sandberg, W. A., and Barry, W. B., Report Nr. 4-5, "Design of 'PRI-
- VAIE F, "'Facilities for Handling the Missile, and Launcher," pp. 1-2,
JPL/GALCIT, CIT, 14 July 1945.

. 2. Sandberg & Barry, Rpt Nr. 4-5, o op. cit., passim, Milla, M. M., Rpt

. Nr. 4-6, "Thrust and Inertail Characteristics of Rocket Missile
- XF1051000-F, 'PRIVATE F,'" pp. 1-2, 7, JPL/GALCIT, CIT, 8 May 1945.
See Document 7 for tabular statistics concerning PRIVATE F.
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WIND-TUNNEL TESTS

(U) In the wind-tumnnel tests conducted at the ﬁRLIAPG, models of
the PRIVATE F had made a poor showing (Ref. notes 7, 8, and 9, and
photographs of PRIVATE F models, Chapter II). ORDCIT Project analyzed

- TR S

, the problem-thus: _ :
o Lo > .. " (U) A winged missile must be stabilized in roll by an automatic
pilot or by gravity through the action of dihedral in the wing system.

= :ntA vehicle stabilized by gravity could not be considered as a prototype

B s T TUP

ffér‘a long-range vehicle, since the trajectory would not be in a plane
of constant azimuth but would be of a circling nature. Since the
defélopment of an autopilot stabilization system would have required
_considerable time, it was determined that an attempt ghould be made to
stabilize the test vehicle by means of gravity. The belief was that a
_ iiﬁple vehicle of this type would permit a study of some of the aero-
AL e dynamic problems of stability‘and drag at high speeds and could afford
an experimental check on the feasibility of attempting to extend the

 range of the vehicle by the use of wings.3 _ .

s it bt kg 5 ey e R e B L ekt

g e - (U) In pursuance of this reasoning and in advance preparation for
b " firing tests, a full-size, wind-tunnel model of the PRIVATE F was fabri-
‘cated and tested in the GALCIT 10-foot wind tunnel at speeds approximat-
 ing 150 miles per hour. During these tests it was noted that the model

P 5 : . - asymmetry due to manufacturing variations was rather serious. An
attempt was then made to increase the accuracy employed in building the

’ .field—test models.4 '

- s st

. FIRING TESTS

_ (U) The firing tests on the FRIVATE F were carried out at the
Hueco Firing Range* of Fort Bliss, Texas, between 1 April and 13 April

b o e e e S et S i

e 3. Stewart, S. J., and Chien, W. Z., Report Nr. 4-8, "Flight Character-.
R . istics of the PRIVATE F," pp. 2, 30, JPL/GALCIT, CIJ, 19 November '
' -+ .-1945; Dunn, L. G., and Meeks, P. J., "A Brief Resume of the COR-

_ 4-'-P0RAL E Program," pp. 2-3, JPL/CIT, 17 February 1948.
. Ib.{di . - : :
* X member of the field-testing team mentioned that "the test site
" ° was in an extremely exposed situation. Sand storms with winds
having velocities as high as 80 mph, rain, extreme cold, and snow

s o el s e
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1945 and were conducted by the same group that had supervised the PRI~
VATE A launchings. iy z

-(U) This test program consisted of 17 rounds, including ‘two rounds
of concrete-filled dummy PRIVATE F's to test the operation of the
launcher and the boosters; two rounds of one-third-duratidn charged PRI-
VATE F's to test the launching procedure, 12 younds of fully charged
PR;VATEIF'S, and one round of a PRIVATE A with 1% inch removed from the

tip of each fin to permit the missile to £it the launcher. The last-

named vehicle was called PRIVATE A-1.°

(U) PRIVATE F was charged with the solid propellant GALCIT 61-C,
as was PRIVATE A; however, PRIVATE F's charge was reduced from 191 to
175 pounds to allow the installation of about 20 pounds of a slow-burn-

" ing charge at the forward end of the combustion chamber. The purpose
‘'of this charge was to supply a continuous smoke trail to aid in observ-

.ing:the missile, even after the burning of the main propellant charge.

In addition, PRIVATE F carried in its nose a 12-pound charge of black
powder, designed to be detonated by two inertia fuzes upon the missile's

impact. Fully charged, PRIVATE F's nominal weight (its weight varied

“from round to round) was 505 po&nds. Thrust was of 28-secondlduration
'.a£'1,100 pounds.6

(U) The booster delivered approximately 22,000 pounds of thrust
for 0.18 second and weighed 163 pounds, including its charge of 19

pounds of ballistite.’

Results of Tests

(U) with two exceptionms, thé.performance of the PRIVATE F rockets,
the booster rockets, and the explosive spotting charge was satisfactory.

~ delayed the test preparations for a week." S. J. Goldberg, JPL
Report Nr. 4-7.

5. Mills, Rpt Nr 4-6, op. cit., pp. 1, 7-9, 1l1; Goldberg, S. J., Rpt
' Nr. 4-7, "Firing Tests of 'PRIVATE F' at Hueco Range, Fort Bliss,
‘. Texas, April 1 to April 13, 1945," pp. 1, 8, 12-13, JPL/GALCIT, CIT,
10 May 1945. See Document 8 for rountl-by-round summary of PRIVATE

F firings.
6. 1Ibid.
7. 1bid.
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(U)l Most of the rounds fired at the Hueco Range exhibited aero-

_ dynamic instability, which produced an irregular trajectory of the mis-

sile, causing several of the PRIVATES to strike the ground before the
propelling charge had completely burned. It was noteworthy, however,

that the rocket unit seemed to function in a normal manner even after a

. round struck the ground and set off the black-powder expld%ive charge

in the nose cone.

© . (U) 1In all firings an undesirable rolling motion developed about

'10_seconds after launching. Numerous small changes in the vertical fin

area and in the stabilizer dihedral were made during the test program,

but no really satisfactory results were obtained.8

Conclusions

(U) As a result of these tests, extensive theoretical studies were

made. These studies showed that the tolerances in missiles having lift-

ing surfaces had to be very small to provide the required stability

& necessary to handle the aerodynamic moments produced by .asymmetries in

the wing and tail construction. Extraordinary'precision in construction

" was an impracticable remedy for such asymmetries. It further appeared
- -that it was impossible to meet the requirements over the entire speed

: rangé of the PRIVATE F, even though the center of gravity movement in

trajectory was relatively small. General conclusions were therefore

drawn that small high-speed vehicles, although theoretically stable,

"were too sensitive to minor asymmetries to be stabilized in roll by

gravity and that roll stabilizatlon was practical only with an ‘auto-

matic p:llot.9

8. Goldberg, Report Nr. 4-7, op. cit., pp. 20-26 (description of fir-
i ing of each round); Dunn & Meeks, Report Nr. 4-45, op. cit., pp. )
2-3; Ordway, Frederick I., III, and Wakeford, Ronald C., "Interna-
. tional Missile and Spacecraft Guide," p. 190, New York, 1960;
Stewart & Chien, Report Nr. 4-8, o op. cit. pp. 1-4, 25, 28, 30-32.
In addition to giving general summaries, Stewart & Chien analyzed
. PRIVATE F's performance technically in minute detail.
9. Ibid. :

. T % -
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-. - -. “.* Range - 5,000 yds. Length - 92 Ins. S A
. Speed - 1200 ft/sec. Diameter - 9.6 Ins.
Guidance - Free Flight Diameter _ : :
Ueig‘htr - .+ Over Fins - 33% Ins. “é
" Overall - 506 lbs. _ " Booster -4 - 4,5 Ins, : !

Lo 5 ns/ U Puel - 175 lbas. IO e Solid Propellant
Pads - *  Warhead) : ; T 7 Rocket

: i SN ' ) - 60 lbs. :
i ~ . s Payload) dummy weight
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Z SCALED-DOWN-MODEL TESTS CONSIDERED

: = (U) As C. B. Millikan* said, the tests on the PRIVATE F at Hueco

] w3 Rangé had indicated that the problem of stability for missiles of this .

tjpé was a serious and difficult one. .Since the problem was dynamical, ;:q

x e ordinary wind-tunnel tests were inadequate. JPL considered it highly LT
: . desirable to investigate the possibility of flight tests on relatively ?”

;- _:_ ) inexbensive, small-scale, rocket-pbwered models launched by boosters f

. ~ .. from a launcher scaled down in proportion to the model.10

(U) It was desired that aerodynamic, inertia,  and gravity forces

_ retain their full-scale relations in this scaling down, both aerodynamic

and dynamic similarity being necessary for a studf of the problems
"involved. :
(U) It was proposed that the model and the full-scale tests be

- T " AT

- made in air, starting from ground levels, with conditions the same
", ‘throughout for both the model and the full-scale vehicle.!l Nothing
apparently came of this proposal, since development of both the PRI-

| VATE F and the PRIVATE A ended with the test firings.

* ° Millikan was a JPL staff member. He later became chairman of the
- Jet Propulsion Laboratory Board of CIT. ;
10. Millikan, C. B., Memorandum Nr. 4-6, '"Scale Model Tests for ORDCIT
" Winged Missiles," p. 1. JPL/GALCIT, CIT, 8 April 1945.
11. Ibid.
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CHAPTER Ig
'ft- ﬁAC.¢6A£ORAL;A:

STUDY OF A HIGH-ALTITUDE SOUNDING ROCKET PROPOSED g _ _ %

IU) The firings of the PRIVATES A and F satisfactorily completed

".. the ¥irst phase of the program; that-is, these firings had furnished

necgssary experimental data to complement theoretical calculations on
trajectories and aerodynamic forces as well as launching techniques and
propellants. The second phase was to have been the design and construc-
tion of a 2,000-pound thrust rocket powered by a liquid-propellant
motor. In December 1944, however, while the design of the 2,000—poun3
test vehicle was still in the study stage and the firings of 'the PRI-
VATE A were still in progress, the Army Ordnance Department itself
revived the idea of the sounding rocket.* '

~(U) There had arisen a requirement of the Signal Corps for a high-
altitude sounding rocket to carry 25 pounds of meteorological instru-

ments to an altitude of 100,000 feet or_ﬁore. Col. G. W. Trichel

.réqueéted that a feasibility study be made of developing such a test

vehicle for the Rocket R&D Division, Ordnance Deﬁartment. This vehicle,
it was decided, would provide opportunity to study a liquid-propelled
rocket, while the Signal Corps could at the same time be éupplied with
a useful research tool. The originally planned Phaae 2 was thereupon

ahunted aside in favor of this new development.1

‘% . Cf footnote 4, Chapter I. : ’
1. Malina, F. J., Report Nr. 4-18, '"Development and Flight Performance
of a High-Altitude Sounding Rocket, The 'WAC CORPORAL'," p. 1,

" JPL/GALCIT, CIT, 24 January 1946 (WAC meaning "without altitude
‘control"); von Karman, Memo Nr. 1, op. cit., pp. 1-4 (Cf Chapter I);
Tsien & Malina, "A Review and Preliminary Analysis," o op. cit.,
passim (Cf Chapter I); Malina, F. J., and Stewart, H. J. Memoran-
dum Nr. 4-4, '"Considerations of the Feasibility of Developing a
100,000-foot Altitude Rocket," p. 1, JPL/GALCIT, CIT, 16 January
1945; Seifert, Howard S., JPL Publication Nr. 22, "History of Ord-

..nance Research at the Jet Propulsion Laboratory, 1945- 1953, "
pp. 1-19, JPL/CI’I‘, 29 July 1953. ] :

42

 UNCLASSIFIED



"~ R NN,

e

.-control after launching.

a8 5ok S T I b,

" the standpoint of rocket design and servicing. Insufficien; experi-

 UNCLASSIFIED e

-

(U) In additiou to the specific requirements of the Signal Corps,
1t was concluded during the course of the preliminary study that a roc—
ket of this type would also provide a wide usefulness in the over-all
ORDCIT rocket development program: First, the proposed rocket would
serve as a ;caled-down model of the CORPORAL already under development

'(as of 16 January 1945). For this reason the designation "WAC CORPORAL"
‘was chosen. Second, the WAC CORPORAL would represent a logical first

ﬁtep in the development of a guided antiaircraft projectile. Interest-

-ingly enough, the specifications for the WAC CORPORAL were similar in
' man} respects to those set up by the British for their first liquid-

propellant model in the Guided Antiaircraft Projectile (GAP) Program.2
(U) Results of a preliminary study indicated that a liquid-pro-
pellant rocket weighing about 700 pounds at iaunching would reach an

.altitude of 100,000 feet. Propulsion would be accomplished by almotor

delivering a 1,500-pound thrust for a period of 40 to 50 seconds and
imparting an initial velocity of about 400 feet per second (ft/sec) by

_short-duratiog)solid-propellant booster rockets. The launcher was to

be approximately 100 feet high, and the rocket was to have no remote
3

iéARTICULAR DECISIONS DURING THE PLANNING STAGE AND FINAL DESIGN

Propellants, Propulsion, and Propulsion Systems

(U) Both the solid propellants ballistite and GALCIT 61-C were

" rejected as propellants for the WAC CORPORAL, and the final decision
‘was to make it a two-stage rather than a single-stage rocket. Turning
.to liquid propellants, JPL's planners decided against both the liquid

7_6;ygen-alcohol mixture—-used by the Germans--and a monopropellant such

as nitromethane, which admittedly possessed certain advantages from

mentation with the use of a monopropellant, however, prohibited its
use. On the other hand, the nitric acid-aniline rocket unit utilizing

2. Malina & Stewart, Memo Nr. 4- &, _E' cit., p. 1.
'30_ Ibido, PP- 1 2¢ .
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a gas—pressure feed system had been highly developed, and its use was

,well understood. For this reason, it appeared feasible to consider this

unit for use in the prototype of the high-altitude rocket. A further
advantage was that the engineering development of the CORPORAL could be

. used as the basis for designing the high-altitude rock.et.4

(U) The final decision was against using a gas-pressurized feed

- system and favored employing compressed air instead of nitrogen to pres-

surize the missile's propellants, a decision largely influenced by the
relativg ease in providing compressed air in the field.

(U) After considering several methods for starting the propulsion
systeﬁ, it was decided to utilize an inertia valve in tﬁe compressed

air circuit, the valve opening with the acceleration of the missile out

: of the launcher by the booster rocket.

" (U) The propellant combination finally chosen consisted of RFNA as

'qkidizér and aniline containing 20 per cent furfuryl alcohol as fuel,

 with the appropriate weight ratio of oxidizer to fuel being 2.65.°

(U) An Aerojet liquid-propellant rocket motor was redesigned to
burn the RFNA-aniline propellant combination and to produce a minimum

effective exhaust velocity of 6,200 ft/sec, a performance which was

"later measured experimentally in static tests of the motor. It was to

. be regeneratively cooled, utilizing the fuel as coolanf.6

(U) To check the over=-all rocket propulsion system, a prototype

‘model was constructed. Propellant tanks and the propellant circuit

duplicated the final missile layout. Static tests were carried out on

i the prototype model at the ORDCIT Test Section, Muroc, California, and -

nhowed the design of the propulsion system to be satisfactory.7

4. Malina & Stewart, Memo Nr. 4-4, op. cit., Pp. 2- 3 Malina, Report
. Nr. 4-18, op. cit., pp. 4, 6- 7.
5. Sandberg, W. A., and Barry, W. B., Report Nr. 4-21 "Design and
Fabrication of the WAC CORPORAL Missile, Launcher, and Handling
- Facilities," pp. 1-4, JPL/GALCIT, CIT, 19 February 1946; Malina,
Report Nr. 4-18, op. cit., pp. 6, 8.

" 6. Malina, Report Nr. 4-18, op. cit., pp. 6-7.

7. 1Ibid., p. 8. (Actually, the WAC was a scaled-down (0.4 scale)
 model of the projected CORPORAL. The drawing-board CORPORAL influ-
- enced the development of the WAC. Knowledge gained through expe-
rience with the WAC; in turn, influenced development of the

1 'UINC:-'LA__SSIFIED
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Some Final Specifications of the WAC Sumﬁarized

- (U)_-ﬁhen fabricated for its firing program, the missile had an
over-éllniengtg of 194 inches, a maximum body diameter of 12.2 inches,
‘three tail fins spaced at 120 degrees andlhaving a total effective area
" of 7.17 square feet, a conical nose of 7-degree angle of generation, a
gross weight of 665 pounds, an empty weight of 296.7 pounds, a thrust
at laﬁnching point of 1,500 pounds, and a thrust duration of 45 seconds.
Also, 1.83 cubic feet of air at 2,100 psi was required to pressurize

. the propulsion system.8 This unrefined prdtotype test vehicle was
- later to be designated as WAC CORPORAL A.

The Booster

(U) Since this O.4-scale model of the dréwing—board CORPORAL cal-
led the WAC CORPORAL was mot to be equipped with flight-control equip-

ment, the stability of the vehicle's vertical trajectory had to depend
l enfirely on the WAC's high launching speed, set at 400 ft/sec.

(U) Chosen over the T-22 aircraft rocket as a booster for the WAC
CORPORAL was another aircraft rocket, the ballistite-burning TINY TIM,
which was, with comparatively little difficulty, modified to deliver
' ;pprbximately 50,000 pounds of thrust for 0.6 second instead of its
normal thrust of 30,000 pounds for 1 second. When modified, TINY TIM
was expected to impart to the WAC CORPORAL an average accileration of
approximately 37.3 g's and a launching velocity of around 720 ft/sec,

"CORPORAL to the extent that the basic design of the propellant sys-
tem became fixed, although JPL researchers reluctantly surrendered
. the idea of a gas-pressurized feed system rather than the compres-
.sed air system iIncorporated in the CORPORAL design. Throughout the
‘whole development from the PRIVATE A to the final version of the
tactical CORPORAL, there was a progression. In the WAC and the
. drawing board CORPORAL, there was an interplay of influence.)
8. Malina, Report Nr. 4-18, op. cit., p. 12; Sandberg & Barry, Report
- Nr. 4-21, op. cit., p. 1. (The latter for a 47-second duration at
101 pounds of aniline-furfuryl alcohol and 273 pounds of nitric
~ acid. Because of differing payloads during the firing tests, loaded
weights of WAC CORPORAL varied from 683 to 704 pounds, and empty
- weights from 289 to 310 pounds, an obvioua discrepancy in descrip—
tion, as will be noted.) : :
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both values having been considered acceptable. The long burning time

- would, however, have required a tower about 216 feet high, if the mis-

sile were to ride on rails during the entire boosting period. It was
decided to retain the originally calculated launcher height of approxi-
mately 100 feet, with rails 82 feet long, and to allow part of the mis-

~ gile's boosting to continue in free flight. Upon leaving the launcher, -

the missile-booster combination would have a velocity of approximately

;_400 ft/sec.g

(U) TINY TIM's warhead was replaced by a blast deflector provided
with three rods designed to fit into recesses in the aft ring of the

" WAC CORPORAL, thereby, mating missile and booster.

(U) The normal four fins were removed from the booster and replaced

by three fins spaced at 120 degrees to permit passage through the

Iauncher. These fins were made of steel because of its availability and

§ atrength and the relative unimportance of weight.

- (U) As modified, TINY TIM had a gross weight of 759.2 pounds, of
ﬁhigﬁ 148.7 pounds was propellant. The booster had an over-all length
of 96 inches and a body diameter of 11.75 inches-.l0 '

The Launcher

(U) As finally designed and constructed, the launcher consisted
of a 77-foot, triangular, self-supporting structural-steel tower, 6 feet
on a side, resting on a tripod 25 feet high, with a 26-foot baae, giving

. an over-all height of 102 feet. Inside this tower were three launching

rails having an effective length of 82 feet and set at 120 degrees apart

to guide the missile-booster combination. The ORDCIT Project carried
11

e

- Qe Halina & Stewart, Memo Nr. 4-4, ﬁg, cit., pp. 10-11; Sandberg &

~ Barry, Report Nr. 4- 21, op. cit., pp. 1, 7; Malina, Report Nr.
- 4-18, op. cit., pp. 4-5, 8, e :
10' Ibid- ¢ . 2 . g ) . .
11. Malina & Stewart, Memo Nr. 4-4 op. cit., pp. 9-10; Sandberg &
~ ‘Barry, Report Nr. 4-21, op. EEE'a pp. 1, 7-9; Malina, Report Nr.
~ 4-18, op. cit., p. 15. '
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‘be released at the same time as the main parachute to lower the missile.
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.Thé WAC's Nose and Its Release Mechanism

-(U) Since the expected use of the WAC CORPORAL was as a meteoro-
logical sounding rocket in various locations, some near populated areas,

‘ 4t was desirable to investigate the feasibility of utilizing a parachute

‘to lower the missile to the ground at a reasonable velocity. The release

of the parachute at the zenith of the vertical trajectory posed many
hitherto uninvestigated problems and proved difficult of achievement.

| “No information was available on the behavior of a parachute when falling
through the high stratosphere with its extremely low but gradually

increasing density. Despite the difficulty of the problem, however, a

somewhat complicated nose-release mechanism was devised for the first

experimental rounds of the WAC CORPORAL. Tests conducted at JPL under
simulated conditions indicated that the mechanism should function satis-

~ factorily, although firing tests were later to disprove that conclus:lon.12

(U) Space was available in the WAC's nose for the Signal Corps to
send aloft radiosonde units, and several rounds were fired with the sets

installed. Suspended from its own parachute, the radiosonde set was to
13

. 12f Malina & Stewart; Memo Nr. 4-4, op. cit., p..ll; Sandberg & Barry,

Report Nr. 4-21, op. cit., pp. 1, 4-6; Malina, Report Nr. 4-18,
. ope cit., pp. 8-11. See Document 9 for Statistical Summary of WAC
' _ and TINY TIM Characteristics. o e w0 4
13. Ibid. (It will be noted that this was a pioneer effort to recover
. Instrumentation ejected from a missile during its trajectory.)
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j“-'TRANSITION TO WAC CORPORAL'ﬁ | el g i'"ﬁi

- BABY WAC - m-r.; | sbd R RS AE N

Reasons for BABY WAC

) It was pointed out (Ref. note 9, Chapter IV) that the most
suitable booster rocket available required that a part of the WAC COR-
PORAL's trajectory take place outside the launcher, with booster thrust
still acting. Questions therefore arose regarding the general stability
characteristics of the missile-booster combination after leaving the
Iauocher and the action of the booster on the missile at separation.
Moreover, there was also some questioning in regard to using three tail
fins on the booster and the missile instead of the usual four. In_ .
order to study these problems, it was decided to make tests with dyna-
; miceily similar scale models of the WAC CORPORAL, its booster,.and the
launcher. ; :

Construction and Tesfs of the BABY WAC

(u) Aod so BABY WAC was born. Ten 1/5-eca1e models of the WAC

CORPORAL and its booster were constfucted. To accommodate these models,
" a scaled-down launcher was built. A special solid prooellant was
developed by JPL--a propellant which permitted the dynamic conditions
~ of the fuli-seale launching to be simulated. Varioos center-of-gravity

positions were to be experienced by the WAC CORPORAL. An externel longi-
-,tudinel protuberance for housing the propellant lines was also tested '_
4 to scale on the models. The BABY WAC's were fired from their 1/5-scale
launcher at Goldstone Ridge, California, on 3-4 July 1945. :

1. Malina, Report Nr. 4-18, op. cit., pp. 1ll- 12' Ordway & Wakeford,
- _2, cit., pp. 208-210
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Results of Tests and Conclusions

(U) Tests disclosed that the models behaved satisfactorily

throughout the trajectory to its zenith, no difficulty being encoun-
tered with launching, booster disengagement, or flight under power.
Models with the most rearward center-of-gravity position, however, «
tended to become unstable after passing the zenith, and three out of
-i four developed flat spins which continued to the ground. This charac~-
teristic was not observed during the ascent and was thought to be of -
minor 1ﬁportance in the WAC CORPORAL program as planned. The BABY
WAC's reached an altitude of approximately 3,000 feet.

(O These tests indicated that the general dynamics of the WAC
CORPORAL's three-finned design, including the method of launching by
{_means of a three-finned booster, were satisfactory. Thus, full-scale
tests could be undertaken with the assurance that the above character-

istic would offer no difficulties.z

- FIRING PROGRAM AT WSPG, 26 SEPTEMBER=-25 OCTOBER 1945 - WAC A

(U) With the BABY WAC firings successfully concluded, the newly
activated WSPG began test firing full-scale WAC CORPORALS. Develop-

- . ment of this test vehicle as furthered through firing tests at WSPG

was divided into four phases, but several firings were made before the
WAC CORPORAL firing program. A modified TiNY TIM was the first rocket
tested at WSPG; the firing occurred at 1000 hours, 26 September 1945,

to test the rocket's use as a potential booster for the WAC CORPORAL.

- A second TINY Tim was fired the same day and a third the following day}3

Phase 1: TIﬁY TIM Alone

- '(U) - For checking the launcher and firiﬁg controls and for track-
- ing ﬁractice for the radar and camera crews, four rounds of the booster

alone were fired (Rounds A, B, C, and D). Normal tail fins were
utilized, but the TINY Tim was fitted with a sharp-pointed nose and ‘e

2. 1Ibid.
3. Mallna, Report Nr. 4-18, op. cit., pp. 18-19; Sandberg & Barry,
Report Nr. 4-21, op. cit., pp. . 19-22.
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weighted with approximately 250 pounds of lead. The launcher proved
4

satisfactory, and the booster operated as planned.

3 Phase 2: Dummy WAC CORPORAL, Rounds 1 and 2

'(U)' Normal booster rockets launched two dﬁmmy rounds of the WAC
to test the launcher, launching velocity, and booster-missile separa-

_ ;ioﬁ. Each dummy WAC was constructed of steel tubing, had practically
' identical dimensions as those of the final full-charge missile, and was

‘filled with concrete to duplicate the WAC CORPORAL's estimated gross

ﬁéight. Except for a tendency for radar tracking to lock on the booster
. 5. :

Phase 3: Partial-Charge WAC CORPORAL, Rounds 3 and &

‘(Uj On 1 October a quarter-charge WAC CORPORAL was fired, to be
_ followed the next day by the second quarter-charge missile. Ballast

-fingthe propellant tanks supplied the lack in the initial gross weight:

;and'pravided the normal center-of-gravity position of the full-charge.

w3 missile. This modified test was in the nature of a dress rehersal of

normal operational procedures and differed from the full-scale test

;only in the duration of the propellant charge, that is, approximately

" 12 seconds. Launching and flight were satisfactory for both rounds,

:but the nose releasé mechanism failed in both. Radar tracking was

unsatisfactory. Over-all missile operation was, however, very satis-

6

- Phase 4: FulI—Charge WAC CORPORAL, Rounds 5, 6, 7, 8, 9, 10

(U) Six full-charge WAC CORPORAL rounds were fired. The design
" and specifications of the missile have already been discusse& in

-Chapter .7 . & O e o o b SR BGg
4. 1Ibid.
5. Ypid.
6. Ibid.

”: 7. Ibid. See Document 10 for summary of TINY TIM booster and HAC

| conrom A and B firings.
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: Reéults of the Tests

(v) Flight perforﬁance of the missile was saglsﬁactory in all.
cases in which the center of gravity was moved sufficiently forward..
Hhen;&t was too far aft, a tendency toward instability developed nearest
the.highest flight Mach number (Mach number approximating 3) during the

ascehding portion.of the trajectory, and a number Jf rounds went into a

; flat spin during descent.® : : .

(U) Over=-all, the mechanical design of the liquid—éropellant rocket
pfoéulsion system proved to be acceptable. The use of an inertia valve
for automatically starting the operation of the propulsion system at the
missile s acceleration by the booster was highly satisfactory. No major .
difficulties were encountered in servicing the missile with propellants
and cémpressed air. The booster rocket functioned reliably in all fir-
ing&, ééparation of the booster from the missile during flight was

excellent in every launching. No damage was done to the launcher struc-

ture or td_the launching rails by any of the rounds fired. The nose

release mechanism was found to be unreliable, and the missile pafachute

. attachment was of insufficient strength. Tracking of the missile by

radar was found to be difficult without the use of manual trackers, and

“the radar signal received at an altitude above approximately 90,000 feet

was too weak to be picked up. Satisfactory signals were not received

from the radiosonde equipment.9

8. Malina, Report Nr. 4~-18, op. cit., pp. 24-26; Sandberg & Barry,
Report Nr. 4-21, op. cit., pp. 22-26.

" 9. 1Ibid. (On 13 May 1946, Captain Richard C. Miles, a Liaison Officer

assigned to the Sub-Office, CIT, made a trip to APG and to Picatinny
Arsenal, Dover, New Jersey, to determine the feasibility of optical
tracking of the WAC CORPORAL to an altitude of 100 miles and also
the practicability of developing a mechanical time fuze which would
operate in a vacuum up to a duration of 200 seconds. Immediate
interest was professed by both installations, for the problems
_Involved research in theretofore unexplored fields. As a result

of Captain Miles' trip, it was decided that both programs would be
"initiated at once, even though it was quite improbable that such
research could be completed prior to the scheduled WAC CORPORAL
firiq%s in August 1946. /Firings were deferred until December

1946./ From a long-range standpoint, however, it was considered
that such research had definite applications to future missiles

H " UNCLASSIFIED
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Conclusions and Recommendations

- (U) The WAC CORPORAL as used in these tests was capable of reach-
1ng an altitude of about 230,000 feet in vertical trajectory. This
great increase in altitude which surpassed that indicated by preliminary
estimates, was achieved primarily through reduction in the empty weight
of the missile and availability of additional impulse from the TINY TiM
booster rocket. ' '

_ ' (U) Firing tests demonstrated that acceptable vertical flight of
a oigqile.oould be obtained without the use of flight-control equipment
provided the missiles were launched at velocities around 400 ft/sec.lo

'(U) Based on the results of the firing tests, the following recom-
mendations on major items were made:

‘1. That the compressed air tank be placed.ot the top of the pro-
-oéllant tanks instead of at the bottom, in order to shift the
missile's center of gravity forward. '

. de _That alternate construction materials for propellant and air
tanks be investigated with a view of minimizing fabrication
difficulties and reducing weight. .

3. That a study be made of the valves in the proPulsion system
with a.view of achieving more compact and lighter weight parts.

4. That dévelopment of the liquid-propellant rocket motor be con-
tinued to reduce its weight. v &

~ 5. That a reliable nose release mechanism oe designed.

" 6. That the missile parachute attachment be greatly strengthened.

7. That a radar beacon be provided on the missile to assure radar

- tracking throughout the trajectory. :

" 8. That the possibility of improving the 1mpolse-weight ratio of

" _the booster rocket be analyzed. 11 Ny

under development of The Ordnance Department and also the future
WAC CORPORAL program. Miles, Capte. Re Ce, oompiler, "Hist. ORDCIT

Project," op. cit., p. 103.)

10. Ibid. _ D
~11. 1Ibid.
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WAC CORPORAL B

(U) Round 10 of the'WAC CORPORAL A was fired on 25 October 1945,
One round was left ovef from the September-October 1945 tests. It was
modified to incorporate newly designed fins and nose blowoff system,
and ; Signal Corps remitter was installed for the purpose of tracking.
When a new series of firings commenced in December 1946, the modified
‘Round 11 WAC CORPORAL A was launched on 3 December 1946 as Round 22,
counting from Round 1 of the preceding year.12 This round was the WAC
in transition from A to B.

Changes in Design and Contruction Appearing in WAC B

(U) During the period of time between the firing of Rounds 10 and
11 of the WAC CORPORAL A, great progress was made toward achieving the

recommended goals, and WAC CORPORAL B succeeded WAC A, whose basic
design was only slightly modified for WAC B. Over-all length and fin
circle diameter were each iIncreased four inches, but the diameter of the
rocket body remaihed unchanged. Propellant weight was decreased 40
pounds and gross weight 100 pounds in an effort to attain higher alti-

tudes. Details of comparisons and changes follow:

Propulsion System

(U) The WAC CORPORAL B's rocket motor, as compared to that of the
A model, was reduced in length from 73 to 61 inches and in weight from

‘50 to less than 12 pounds. The injector assembly was redesigned and
- its efficiency increased.

(U) 1In order to reduce the empty weight of the rocket still
further, a development program was undertaken on the propellant and the
air tanks. After considerable experimentation, it was decided to use
X4130 chrome molybdenum steel (in the normalized condition) for the
fuel and the air tanks. No difficulty was encountered in producing

12. Meeks, P. J., Denison, F. G., Jr., and Rose, R. F., Report Nr.
4~41, '"Design, Development, and Field Tests of the WAC B Sounding
Rocket " pp. 19-20, JPL/CIT, 15 December 1947.
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these vessels. The new oxidizer tank, designed of 61ST aluminum, was
readily fabricated to pass the required pressure test.
. (U) The integral tank arrangement, (that is, a single, long tank
pértitioned into three compartments) of the WAC CORPORAL was abandoned
for an arrangement of separate cells, with the air tank moved forward
from its former aft position to ride on top of, or above, the propel-
lant tanks. Besides lightening the weight of the total tank assembly,
" the new separate tank arrangement made possible the use of dissimilar
materials in tank construction and also obviated the possible danger
ofAexplosions arising from intertank leakage.
‘ (U) The flow system of the WAC CORPORAL B differed from thét of
" the WAC A mainly in the system for air f£illing and in the elimination
of a test-cell-type of propellant valve installation. Since the opera-
.tion of a rocket is of a one-shot nature, the required functioning of

"many of the components could be simplified.13

Aft Section and Fins

- (U) The aft section design was essentially the same as that
employed in the WAC CORPORAL A. The basic structure was typical monoco-

.que, with bulkhead rings to transfer into the sheet the fin and motor-
thrust loads and the booster forces. The skin gage was lightened over
the previous design, however, and static tests were performed to prove
the lighter design's load-carrying ability. '

(U) Fin circle diameter was increased four inches. To achieve
weight saving, the skin gage was decreased from 0.081 to 0.051 inch,
and the static tests apparently confirmed theoretical calculations.

(U) Provision was made to install the dipole antenna for the
'SC584 remitter in two of the three WAC B fins.l4

13. Meeks, P. J., Denison, F. G., and Rose, R. F., Report Nr. 4-41,

22. cito’ PP 1‘50
149 Ibid-, P 7.
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Nose Cone

. (U) For the first experimental models of the WAC CORPORAL A, the
parachute was attached to the top of the propellant tanks, within the
nose of the missile. Three explosive pins were used to attach the nose
to the missile. These pins were inserted through the skirt of the nose
into lugs welded on the forward end of the tank head. The nose skirt
was seated on a rubber ring seal strip which was provided around the
tank head. Atmospheric pressure at the launching point was thus sealed
in the nose and provided a force to push‘off the nose at the zenith of
trajectory, where the sealed-in atmospheric pressure would be essentially
greater. Release of the nose was to be effected by eléctrically igniting
the restraining explosive plugs, and the rip cord of the parachute was
: attached to the nose.l’

(U) Modifications of the original WAC CORPORAL A nose blowoff sys=-
-.tem were made to insure controlled and dependable operation. Various
arrangements were tried out in preliminary tests at WSPG, utilizing the
missile's nose structure applied to a TINY TIM booster. The arrangement
finally chosen involved a primacord ring inserted under a band of light
magnesium sheet which fastened the nose to the vehicle proper. This
'ﬁrimacord was detonated by a blasting cap which was actuated either by

a signal from the remitter or by a fuze. Blowing off the nose by means
of the remitter was accomplished by observing the trajectory of the
‘rocket on the plotting board and transmitting a signal to the remitter to
,4et6nate the primacord at the peak. A fuze was installed so that the

- nose cone would be blown off and the parachute ejected even in the event

of radio failure. When the nose cone was blown off, it was accelerated
away from the vehicle, drawing out the parachute, which had been wedged
into the nose cone.l6 , C.

' (U) Prior to the WAC B field tests, several TINY TIM solid-pro-

pellant rockets (tabulated on the firing chart as Rounds 13 to 20,

'15. Malina, Report Nr. 4-18, op. cit., pp. 9-10.
'16. Meeks, Denison, & Rose, Report &4-41, op. cit., pp. 5-6.
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inclusive) equipped with WAC B nose-cone assemblies were fired for the
purpose of proving the parachute ejection mechanism. Although these
rounds reached an altitude of only approximately 14,000 feet, which did
not simulate the conditions for the ejection of the WAC CORPORAL B's
parachute, the results of the test were considered quite satisfactory.

>‘(U) Radio-telemetering equipment was developed, thereby making
possible the transmission of instrument readings from the rocket to the
_ érougd receiving station. This equipment was installed in the nose

cones of three WAC B's, and satisfactory signals were received.17

Prototype Static Firing

(ﬁ) The first of the WAC B test vehicles was initially assembled
 for prototype testing at the Muroc Test Station. This was the first
static test of the complete rocket test vehicle employing burst-dia-
phragm starting valves ever conductéd in the United States. The motor
came up to 95 per cent chamber pressure in approximately 0.5 second.
Both starting transient and cutoff at the end o£ burning were smooth.
Post-firing examination of the motor showed it to be in perfect condi-
tion. After the prototype's testing, it was returned to the Dbuglas

. Alrcraft Company for modification to flight configuration, and this

assembly was later fired as Round 26.18

THE BOOSTER

o (¢1)) The booster employed in the December 1946 firings was iden-
tical with that used in the WAC CORPORAL A tests of the preceding year.

Maximum burning time was still held between 0.60 and 0.65 second, which

_ ﬁrovided a maximum thrust of approximately 50,000 pounds.19

I7. Ibid.
180 Imc, PP~ 17"190

_19. 1Ibid., p. 19. See Document 9 for Statistical Summary of WAC COR-
PORAL and TINY TIM. : .
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FIRING TESTS, WSPG, 2-13 DECEMBER 1946

(U) As mentioned above, eight rounds of the TINY TIM booster had
already been fired to prove the parachute mechanism. In numerical
order, then, the first launching of the December 1946 tests was that of
Round 21, which was fired on 2 December and consisted of a TINY TIM
booster rocket equipped with a WAC B nose cone and a 10-foot glass
fabric‘parachute. . .

(U) Round 22 was the modified WAC A rocket left over from the
1945 firings, as mentioned before (Ref. note 12, above).

(U) Four rounds of the WAC CORPORAL B completed the December fir-
ing program. No round reached an altitude higher than‘175 000 feet.
(Ref. Document 10 for round—by-round summary of all TINY TIM and WAC

: 00RPORAL firings).

MODIFICATIONS BECAUSE OF TEST RESULTS

Propulsion System

(U) Because no round had delivered the required impulse satisfac-

torily, it was decided to assemble three more vehicles in an attempt to

obtain satisfactory propulsion system performance. Such assembly was

‘ éasily accomplished, since two remitter rounds fired were recovered in

good condition. Moreover, enough spare components had been constructed
at the time of the original fabrication to form the basis of a third
assembly.

(U) 1In redesigning the injector of the WAC B's motor, orifices had

"+ been drilled. For the scheduled February 1947 firing of the proposed

‘three additional vehicles, their motor injectors were provided with

cavitation-free,* screwed-in orifice inserts having rounded and polished

entrances.

(U) Two of the February vehicles were provided with air tanks con-
structed of a lighter weight steel, thereby permitting in each case a

% "Cavitation," a gas~-filled space in a 1iquid; or a partial vacuum in

a fluid under certain conditions.

UNCLASSIFIED
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weight of 75 instead of 91 pounds, a weigF saving of 16 pounds for eaéh
20 .
. tatlkc . -

Miscellaneous

}'(U) The nose blowoff arrangement required no change. Obtainable
ribbon parachutes were very large (18 to 24 feet in diameter), requiring

special nose cone shells having an extended cylinderical portion to pro-
. vide the extra volume. The remitter installation remained unchanged, and
each of the three rounds carried remitters to aid radar in obtaining com-
plete flight data.2l
(U) No changes were made in the aft section. Because of fin fail-
. ures in the December 1946 firings, the fin skin gage was increased to
- 0,081 inch, the specification of the WAC CORPORAL A. In additiom, a
fip casting was émployed to provide more étiffening against the type of
 failure which had occurred.22 |
(U) The three WAC B vehicles to be fired at WSPG in February 1947
were subjected to hydraulic tests and were also statically fired at JPL
before shipment to WSPG. The motor starting transients were smooth and
extremel& rapid. Combustion was clean throughout the test, and cutoff
‘was quite satisfactory. After static firing, each vehicle was shipped
.to Douglas Aircraft Company for flight modification and shipment to N
wspG. 23 -

TBE BOOSTER ROCKET

(U) Only two of the modified TINY TIM motors were available for
the scheduled tests; the supply had been exhausted during previous

-launchings. For the third firing it was necessary to obtain from the
A,U. S. Navy stock the only similar rocket motor, the Mk I, Mod 1, a
.design employing the same propellant as the TINY TIM burned but having
a body about 10 inches longer. Among other factors, the 150 poundé in
increased weight resulted in a significantly lower boosted velocity

200 Ibido, PP- 19"24-

21. Tbid.
22. 7Ibid.
23. 1Ibid.

|
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SCREW THE BLAST DEFLECTOR PUSH ROD
ASSEMBLY TO THE NOSE OF THE
MK.. ], MOD. | ROCKET MOTOR

MK. | MOD. | (467035) ROCKET MOTOR

BOOSTER ASSEMBLY

I.

2.

INSTALL THE FIN ASSEMBLY AGAINST THE
AFT FLANGE OF THE BOOSTER UNIT,

ADJNUST THE FIN ASSEMBLY SO THAT EACH
FIN IS IN LINE WITH A PUSH ROD.

IMPORTANT THE FIN ASSEMBLY CLAMPS ARE

ON THE RIGHT SIDE LOOKING AFT AND

MUST BE POSITIONED 150° FROM THE
LAUNCHER RAIL GUIDE LUG ON THE BLAST
DEFLECTOR, WHICH 1S BETWEEN FINS T & IIT
IN THIS VIEW, AND THEREFORE CANNOT BE.
SEEN.
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on leaving the launching tower and consequently reduced the final alti-

- tude reached by the sodnding rocket.

FIRING TESTS, WSPG, 17 FEBRUARY-3 MARCH 1947

~ (U) Round 27, launched on 17 February 1947, was a proof test of
the new type of TINY TIM booster rocket. It carried 680 pounds of lead

as ballast, was fired successfully, and provided burning time and

acceleration data.

(U) Round 28'sA1aunching, on 18 February, was normal, but the
144,000-foot altitude reached was much less than expected. This round
was equipped with a 21-foot (in diameter) silk ribbon parachute and a

. special nose cone. Instrumentation was good. The nose cone was blown

 off at the zenith by radar, and recovery of the missile by parachute

was successful.

(U) At this point it was concluded that the reduced altitude
obta@ned with Round 28 and other rounds fired during.fhe December 1946
tests might have been due to malfunctioning of the air line disconmnect

coupling, thereby allowing air to escape into the atmosphere during

4 flight. An additional check valve in the air-fi11 line aboard Rounds
© 29 and 30 corrected this condition, and altitudes comparable with

theoretical eétimates were obtained. )
() Round 29, launched on 24 February 1947, was equipped with a

10-foot glass parachute, which failed to open; the round was lost and

‘mever recovered. Instrumentation was good. This WAC B was tracked by

radar to peak, at which point the remitter failed (apparently because

- of the nose cone blowoff); Alﬁitude reached was 240,000 feet.

(U) Equipped with a 10-foot glass parachute, Round 30 on 3 March

1947 reached a 206,000-foot altitude. The parachute opened, and the

- missile was recovered nearly intact.2 '«

25. Meeks, Denison, & Rose, Report Nr. 4-41, op. cit., pp. 24-25,
t (Brown & Others, "Development & Testing of Rockets & Missiles at
- WSPG, 1945-1955," mentions another WAC B firing as having occured
on 12 June 1947. This round, equipped with a 10-foot glass para-
chute, reached an altitude of 198,000 feet. The nose-cone blowoff
and parachute operation were goody; but the missile was not recovered.
(Appendix, p. 71.) See Document 10 for summary of firings.
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RECOMMENDATIONS IN VIEW OF TEST RESULTS

(U) Rounds 29 and 30 showed acceptable performance, and, in the
light of the minor modifications necessary to achieve this result, it
was concluded that the vehicle was ready for release for limited pro-
duction. Design was turned over to the Ordnance Department, together
with suggestions for a number of design improvements, the necessity for
which had become apparent through experience gained in the field.*

-(U) At a predicted weight saving of six pounds, pull-out fittings
were recommended for installation near the nose, with leads to the
ground being lengthened accordingly. A different material was recom-
mended for the aniline tank, with the prospect of saving 15 pounds in
its weight.26

(U) It was recommended that the nose cone assembly be made a
’ quick-detachable unit, thereby permitting its final installations and
. adjustments to be made on the ground. Another proposal was that a sec-
‘tign of the launching rail be made removable so that the nose and its
. gearx éomplete could then be attached to the rocket body in the lguncher,
with no weight increase deemed necessary to achieve this improvement.27

(U) 1In view of later development of the CORPORAL missile, one
recommendation was of considerable significance: Field experience had
shown that the stressed skin construction universally employed in the
WAC CORPORAL B (and A) limited the access to the propulsion system A

* The AEROBEE rocket was a direct lineal descendant of WAC CORPORAL.
, It was developed under a Bureau of Ordnance Contract awarded in
May 1946 to Aerojet Engineering Corporation and to Douglas Aircraft
'\ Corporation, with technical supervision from Johns Hopkins Univer-
sity. The proposal was to pattern the new rocket generally on the
lines of the successful WAC CORPORAL, but with instrument volume
and altitude specifications more suited to high-altitude research
- requirements. Like WAC CORPORAL, AEROBEE was unguided but possessed
i arrow stability by virtue of its three fins and proper location of
its center of mass. Its trajectory was controlled simply by tilt-
ing the 140-foot launching tower in accordance with wind data
obtained from meteorological balloons. WAC CORPORAL was phased out.
Gatland, Kenneth, W., "Development of Guided Missiles," pp. 67-69,
New York, 1952.

26- Ibido’ PP 24"25.
27. 1bid.
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compartments iﬁordinately. It was recommended that the aft section and
the intertank connections be modified to truss-type structures,and that
 the skin carry none, or at least only a small part, of the load. Easily
removed skin panels could thus be opened for servicing without jeopardiz-
ing the strﬁctural strength of the vehicle. Moreover, it was believed
that this type of design would lend itself more readily to quantity pro-
duction, where interchangeable components would be almost a necessity.

. By modifying the boost rod locations so as to line up with the aft sec-
tion truss members, it was believed that an improvement in the loading
of the aft section could be achieved. It seemed possible that the com-
bination of tﬁese changes could provide the desired accessibility with

no Increase in weight.28

28. 1Ibid.
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BUMPER WAC

INTRODUCTION

(U) 1In regard to designing vehicles for probing the unexplored
upper reaches, JPL's W. Z. Chien posed two basic questions:1

In designing rocket missiles, two basic questions arose:
How high could a rocket missile be sent vertically upward,
and how far could a rocket missile be projected along the
earth's surface? Or conversely, as might be even more fre-
quently asked, what would be the basic design parameters of
a rocket missile capable of reaching a given altitude or a
‘given horizontal?

(U) These two questions arose during the designing of the WAC
CORPORAL and were but. partially answered when round after round of that
vehicle soared aloft. BUMPER WAC was to answer those questions a little
" more fully. |

INITIATION OF THE BUMPER WAC PROJECT

- (C) At the time of the 13 June 1946 V-Z* firing at WSPG, the pos-
| sibility of usiﬁg a V-2 as the first step of a combined V-2/WAC step-
rocket was discussed at some length by Col. H. N. Toftoy,** Lt. Col.

He. R. Turner, Dr. R. W. Porter, and Dr. C. B. Millikan. Following his
return to CIT, Dr. Millikan initiated studies at JPL of the feasibility
éf this éroject and of the performance that might be expected if such a
missile were coﬁstructed. In pursuance of Colonel Toftoy's suggestioﬂ,
members of the Peenemande group at Fort Bliss, Texas, including Ludwié

Roth and Wernher von Braun, likewise undertook a preliminary study of

.

1. Chien, W. Z., Report Nr. 4-11, "Vertical Flight Performance of
Rocket Missiles and an Estimation of their Horizontal Ranges, p. 1,
JPL/GALCIT, CIT, 28 June 1945. ,

* The German V-2 missile was frequently designated as A-4. Both

.. terms refer to the same missile. .

*% Major General H. N. Toftoy was at the time mentioned Colonel Toftoy,

- Chief of the Rocket Development Division, OCO.
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the problem, considering the following aspects of such a combination:

- (1) geometric, (Zf stability, (3) performance, and (4) terminal tra-
2

Jectory.
i (U) In pursuance of achieving the mating of V-2 and WAC CORPORAL
as a.step-rocket, in October 1946; some months after the preliminary
studies discussed below had been undertaken,but before these studies
’ ﬁnd theoretical calculations had been completed, the Army Ordnance
Department authorized the BUMPER Project. Design work was started in
May 1947, and the first BUMPER missile was launched on 13 May 1948 at
WSPG. The eighth (and last) was fired on 29 July 1950 at Long Range
Proving Ground (LRPG), Florida.>

. (U) It seemed geometrically possible to mount the WAC in the nose
of the V-2. However, three stability problems had to be solved: (1)
the stability of the combined missile durihg the V-2 burning period;
(2) the stability of the WAC during its launching period; and (3) the
-stability of the WAC near the end of its burning period.4

(U) Since the WAC's nose cone would project forward of the V-2's

nose, a émail destabilizing moment would be introduced, especially near
. the end of the V-2's burning period. This instability could be pre-
vented by ballasting the V-2 nose compartment with lead or instruments
weighing enough to restore the normal stability or by increasing the
V-2 fin area to shift the center of pressure aft. This latter solution
- could be accomplished by four small fixed fins (of about eigﬁt square

2. Stewart, H. J. Memorandum Nr. 4-16, "Preliminary Considerations

: Regarding the Proposed V-2 WAC Missile," p. 1, JPL/GALCIT, CIT,

. 16 August 1946; Roth, Ludwig, and von Braun, Wernher, Technical
Report Nr. 18, "The Combination of V-2 and WAC CORPORAL as a Two-
Stage Rocket,'" p. 1, War Department, 0CO, R&D Suboffice (Rocket),
Fort Bliss, Texas, July 1946; Crawford, Jane E., Report Nr. 55227,
"Trajectory Calculations for the A-4 BUMPER WAC Missile," pp. 2-3,
Marine & Aeronautic Engineering Division, General Electric Com-

- Ppany, Schenectady, New York, 3 November 1947.

3. White, L. D., Report Nr. R5240510, "Final Report, Project HERMES
V-2 Missile Program," p. 24, Guided Missiles Department, Aeronautic
and Ordnance Systems Divisions, Defense Product Group, General

.. Electric Company, Schenectady, New York, September 1952.

4. Stewart, Memo Nr. 4-16, op. cit., pp. 1-2.
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feet each) interleaved between -the normal fins.. The first appeared the
simpler of the two solutions, however.>

" (U) The normal fins of the WAC B were large enough to stabilize
the missile up to approximately Mach 5, the speed at which the WAC
was to be launched from the V-2. It was necessary to increase the WAC
fin area in order to assure a satisfactory launching. That could be
done most simply by changing from a three-fin to a four-fin arrangement,
affording a 33 per cent fin area increase. Furthermore, with the WAC
sét back into the normal instrument section, leaving only about a 1-inch
clearance at the fin tips, rearrangement of the V-2 instruments became
necessary.6 '

(U) During the latter portion of the WAC burning period, the air
_ density would be so low that air forces would be almost insignificant.
z The primary stability factor in this region would be the jet-thrust
asymmetry. If the jet thrust failed to act through the missile's center
'6f gravity, the resulting moment would cause the missile to tumble.
. 8ince the air forces are so small in this region, a theoretical solution
indicated that a very small rate of spin, about 500 rpm, would be suf-
ficient to produce stability. This spin, it was thought at this time,
~could be easily produced by small fixed jet vanes.7
v (U) The maximum performance of the WAC indicated that it be

launched immediately after the end of the burning of the V-2. At this
" ‘time, for the high-elevation trajectories being currently used for the
WSPG V-2 firings, the altitude was 124,000 feet and the speed was 5,047
:, ft/sec. For these initial conditions, the trajectories of the WAC were
Acomputed for three initial gross weights varying from 700 pounds (WAC 4)
to 570 pounds (WAC B with magnesium tanks), with no calculations for air
drag included. For Case 3 (the 570~-pound WAC B), the estimated hori-

-zontal range in this trajectory was 275 miles, with a maximum altitude

50 Ibido’ PP 1 6
6. TIbid.; Crawford, Report Nr. 55227, o _R cit., Pp. 2-3.
7. 1Ibid.
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of approximately 400 miles. The maximum horizontal range at the optimum
elevation was estimated at 800 miles.S

(U) The WAC was expected to reenter the dense low layers of the
atmoéphere unstable and at high velocity, with the resulting air forces
destroying the fin structure. The tank structure, however, was expected
to spin down to the earth's surface fairly intact, after having survived
the viscous heating from atmospheric friction.?

(U) Since the probable error in the impact point of the combined
missile could be expected to be about five times that of the V-2 alone,
the danger area around the expected impact point would be so large that
it appeared necessary to consider an over-water firing range for such a
10

missile.

The Fort Bliss, Texas, Study

(C) The German rocket experts at Fort Bliss, Texas, found data of
the WAC available to the project group there very poor. Much of the
data, expecially concerning the performance of the WAC, was determined
bj calculations based upon a few known dimensions and performance values.
They recognized two of the problems and associated difficulties as being

" of serious impert and expressed them in the form of questions:
l. Was the structural strength of the WAC sufficient for the high

stagnation pressures occurring during the powered trajectory
of the V-2 booster, considering the fact that only the lower
part of the WAC would be fixed with the V-2 booster?

2. Would the skin of the WAC withstand the high boundary-layer
temperatures occurring at the high velocities that were to be
expected? If not, which parts of the WAC would have to be sub-
stitutéd by parts made of a higher-melting a110y211

8. Crawford, Report Nr. 55227, op. cit., pp 2-3; Stewart, Memo Nr.
4~16, op. cit., pp. 1-6. See Document 11: "Theoretical Calcula-

tions of Trajectories for the Proposed V~2/WAC CORPORAL Missile."
8. Ibid. . e

10. Ibid.
11. Roth, Ludwig, and von Braun, Wernher, Technical Report Nr. 18,
: PE' Cito, Pe 10
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(C) Geometric Consideratlons.ﬁ Four proposals for the assembly of
the WAC and the V-2 were considered, with the WAC retaining its original

three-fin tail assembly in each instance: (1) an assembly of the V-2,
the WAC, and the solid-propellant booster, with the fins of both the
WAC and the booster protruding beyond the contour of the V-2 and the
entire WAC mounted outside the V-<2; (2) the same three-step unit, but
- with half the length of the V-2's instrument compartment occupied by
the WAC's booster, leaving the lower part of the compartment available
for housing the guiding equipment; (3) the WAC alone, fixed in a
launcher substituted for the V-2's warhead; with the WAC's fins still
protruding beyond the contour of the V-2; and (4) the WAC alone, merged
as deeply in the V-2 body as possible, but with only half the length of
ﬁhe instrument chamber occupied by the WAC and with the WAC's fins
almost entirely merged in the body of the V-2. 1In this fourth proposal,
the fins of the WAC were designed to slide out of three slots provided
in the upper part of the warhead-shaped launcher.1?
(C) The suggested combination of the V-2 with a WAC CORPORAL
seemed in the thinking of the Fort Bliss group to be practicable, but
the launching of the WAC by its booster rocket did not appear so. It
was decided that the expolosion of the WAC from the V-2 would have to
be achieved by means of pneumaticaily operated ejection pistons.13
(C) The DAUGHTER. The chance of getting the WAC down to the

. ground undestroyed was considered very poor, but it was believed that
salvaging an instrument container protected against heat transfer might
be achieved. A so-called DAUGHTER was to salvage recording instruments
. for atmospherical measurements in the vicinity of the peak of the V-2
'trajectory, being expelled from the V-2 at its point of zero velocity.
‘The DAUGHTER s velocity of descent was to be slowed by a species of air
brakes and a kite tail, with impact velocity at sea level being as low
as 155 ft/sec, a rate which could be withstood by suitably prepared
1nétruments or records. Equipped with a radar beacon, the DAUGHTER

'12. Ibid., pp. l-4. o |
13. "Im.’ PP 3-40 . ' ot
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could be tracked down uNLBjEAS$thlEﬂint of impact. Upon impact,

a special dye container was to eject a liquid dye for coloring the sur-
roundings of the impact point, making easy the discovery of the spot by
& search plane.14 V-2's DAUGHTER never survived but was buried in the
archives among the thousands of other abortive, premature, visionary

brain children, to be forgotten until a later date. (Ref. note 14,
belpw.)

. Summary of the BUMPER Program

(U) The BUMPER program, when finally inaugurated, consisted of
firing tests of eight missiles utilizing V-2 booster having such struc-

tural modifications in the forward portion as would serve to launch
modified WAC CORPORAL B second-stage rockets before the end of the V-2
powered trajectory. The V-2 booster was designated as BUMPER, and
BUMPER WAC identified the modified WAC CORPORAL B. As a two-stage
rocket; the two were referred to as the.BUMPER missile.

(U) 1Initiated at the behest of the Ordnance Department, BUMPER was
a phase of the HERMES Project, with General Electric Company exercising
prime cognizance, being responsible for (1) proper coordination among
.the participating agencies, and (2) assembly, pre-flight checkout tests,
and actual launching of the missile at WSPG.* JPL/CIT was assigned
responsibility for the theoretical investigations required, the design

of the second stage, and the basic design of the separation system.

- 14, Roth & von Braun, Technical Report Nr. 18, op. cit., pp. 6-8.
. (Col. B. S. Mesick, Ordnance Sub-Office Chief, CIT, visited the

HERMES Project at General Electric and discovered that a helicopter
device had been developed which might be applicable to the ORDCIT
problem of lowering the WAC GORPORAIL from high altitudes. This
.visit was long prior to initiation of the BUMPER Project. Miles,
Capt. Richard C., compiler, "Hist. ORDCIT Project," op. cit.;

p. 103. DAUGHTER was a ploneer in the recovery of records and
instrumentation from space explorations. The air brakes employed
the helicopter principle for slowing the rate of descent and also

a sort of kite tail, The helicopter concept has been resurrected
for further study and experimentation.)

* Since GE had been given the responsibility of assembly, testing, and
firing of V-2's at WSPG, responsibility for the two-stage missile
was also assigned to GE and included in the HERMES Project, another
Ordnance Department missile development program then in progress.
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The Douglas Aircraft CoumﬁLésle l:mecond stage and was respon-

sible for the detaill design and fabrication of the séecial parts re-
"quired for V-2 modifications.l?

" (C) The BUMPER was-a test vehicle to investigate the feasibility
of separation at high velocity of a two-stage missile; to obtain mis-
sile velocities and altitudes higher than those attainable by other
| means; and to conduct limited investigations of high speed, high alti-

" tude phenomena such as missile skin temperature rise. Employing the
already existing V-2 and the uncontfolled WAC CORPORAL (without under-
taking major design chénges) was conceived as the least expensive and

time consumihg approach to such two-stage missile development.16
PROBLEMS AND THEIR SOLUTIONS

Separation and Second-Stége ignition

. (C) It was decided to submerge the BUMPER WAC in the nose of the
V-2 for these reasons: (1) This would reduce the 1ift on the WAC body

and fins and hold the destabilizing moment of the combined missile to a
minimum. (2) Such arrangement would also allow a greater distance

" between the éupports which transmitted the shear* and bending loads to
‘the V-2 nose. (3) A third consideration was the possibility of develop-
ing a large angle of yaw between the BUMPER WAC and the V-2 during the
short interval of time in which they were still éttached in shear, but
not in bending. During tﬁis interval the combined missile would behave

15. White, L. D., Report Nr. R52A0510, Final Report, op. cit., p. 24;
~ Shafer, John I., Progress Report Nr. 4-69, "Spin Rocket Develop-
ment Tests for the BUMPER WAC," p. 1, JPL/CIT, 8 June 1959.
16. Haviland, R. P., Report Nr. R50A0501 (Project HERMES, "Progress
Report on BUMPER Vehicle--A Two-Stage, Rocket-Powered Test Vehicle,"
‘PP~ 2, 4, General Electric Company, Schnectady, New York, February
1950; White, Report Nr. R52A0510, op. cit., p. 1; "Semi-Annual Pro-
. 8ress Report of the Guided Missile Program, Department of the Army "
p. 36, 30 April 1949. .
*  YShear": (a) Internal force tangential to the section on which it
‘acts; shearing force. (b) An action or stress resulting from
applied forces, which causes or tends to cause two contiguous parts

of ‘a body to slide relatively to each other in a direction parallel
* to their plane of contact. ’ ‘ '
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- i ' )
as though hinged betweeyuxGLAngifJED and might be highly unsta-

ble. This possibility indicated the desirability of keeping the separa-

tion interval short, an operation requiring high separation velocity.17
(C) The simplest method of separation was adopted--that of using

thrust from the second-stage WAC motor to provide separation impulse.

The necessity of starting the WAC's motor while the WAC was still being

positively accelerated forward by the V-2 indicated this solution. This

decision required a means of escape from the WAC's jet without injury

to the V=2. A ducting system was provided. Ducting provisions for

the WAC rocket motor jet consisted of a conical pressure bulkhead located

approximately eight inches behind the WAC motor exit and occupying part

of the space originally devoted to the V-2 instrumentation compartment.

. The V-2's nose was divided into quadrants, and the duct exit locations

were restricted to quadrants II and IV, since the Doppler antenna

. panels were located in quadrants I and III. Two doors were placed in

éach,of the quadrants II and IV of the V-2 nose to seal the nose cavity

during the V-2's ascent. These doors were to be opened before the

firing of the WAC motor in order to avoid any pressure rise in the nose

cavity due to exhaust gages.18 |

.. . .(C) Firing of the WAC motor had to occur while the BUMPER vehicle

was accelerating in the direction of the launching in ordef to prevent

the propellants from shifting to the forward end of the tanks., Firing,

‘moreover, had to be accurately timed with the V-2 cutoff so that the ‘

launching time would be a minimum, with separation velocity a maximum.

‘Otherwise, prolonged hovering of the BUMPER WAC in the nose of the V-2

while combustion was occurring could have damaged both vehicles. In .

addition, the tip-off yaw angle would have been directly affected by

the separation velocity.19

17. Haviland, Report Nr. R50A0501, op. cit., p. 6; Bank, Herman, and
. Denison, Frank G., Jr., Progress Report Nr. 4-96, "Preliminary
Design Considerations for the BUMPER Program,'™ p. 1, JPL/CIT,
‘ 13 April 1949. :
18. Haviland, Report Nr. R50A0501, op. cit., pp. 6-7; Bank & Denison,
Report Nr. 4-96, op. cit., pp. 5-10.
190- Ibidc ’ .
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(C) Since the velocity of the separation depended upon the dif-

. ference in the acceleration of the two vehicles, the thrust program

during the separatién was of considerable importance. The operation
sequence for separation was selected as follows:
l. The initial V-2 integrating accelerometer signal would actuate
thé V-2 motor control from the 28-tcn to the 8-ton thrust stage.
2. The final V-2 integrating accelerometer signal (normally used
for cutoff) would actuate the firing circuits for the duct-
door operation (Cf above) and the start of the BUMPER WAC
motor. )
3. The jet of the BUMPER WAC motor would burn through a wire and
A thereby in turn actuate the cutoff of the V-2 thrust.
4. A limit switch would actuate the spin rocket ignition circuit
within the BUMPER WAC upon separation of the two vehicles.zo
(C) Though comparatively simple, the mechanism providing a smooth
exit of the BUMPER WAC under its own power from the nose of the V-2 was
quite ingenious. Four channel-type tracks were symmetrically spaced
between the fins of the WAC and supported at both ends by the V-2 struc-
ture. The WAC was guided by three self-aligning rollers engaged in each

" track and supporting the WAC tangentially. Radial deflection of the

tracks during launching was likewise provided for.21

Stabilization of the BUMPER WAC

' (C) Aerodynamic Stability. To provide control against aerodynamic

instability, the fin area was increased about 50 per cent by using four
instead of the WAC CORPORAL's three fins, with the area of each fin
somewhat greater than formerly. The new sweptback (but still trapezo-

idal) fins were made of 24ST aluminum alloy instead of the J-1H magnesium

" alloy previously used. These fins were mounted at a small angie to the

20, Haviland Report Nr. R50A0501, 72. cit., pp.'6-7' Bank & Denison,
Report Nr. 4-9€, op. cit., pp. 7~

21, Haviland, Report Nr. 50A0501 _R' cit., p. 73 Bank & Denison,

Report Nr. 4-96, op. cit., pp. 5-7; "Combined Bimonthly Summary,
Nr. 3, 20 October 1947 to 20 December 1947, p. 35, JPL/CIT.
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missile's longitudinal axis, to give zero angle of attack when the mis-
sile was spinning.22 .
(C) Correcting the Effects of Asymmetric Thrust. As a result of
theoretical studies and static motor firings by both JPL and other
investigatoré; it was decided to spin the BUMPER WAC about its longi-

tudinal axis after its launching from the V-2 in order to overcome the

effects of asymmetric thrust during the WAC's trajectory above the seun-
sible atmosphere.

(C) Slow spinning of the WAC was to be accomplished immediately
after its separation from the V-2. Utilized for this purpose were dual
solid-propellant rockets manifolded together and mounted within the
WAC's shell between the fuel and the oxidizer tanks and in a plane per-
pendicular to the longitudinal axis, intersecting the axis at the center
of gravity of the WAC. The nozzles of each rocket protruded slightly
beyond the WAC shell and fired in opposite directions. As finally

'designed and tested, the spin rocket had an over-all length of 8 5/8
Inches. 1Its propellant charge was a 2% inch by 7-inch cartridge of
JPL 117D, a polysulfide rubber base fuel admixed with finely ground
potassium perchlorate as oxidizer. In a final test, however, FFFG*
‘black powder was used instead of the pellet ignitionm. Ignition of both
the spin rockets was effected in approximately 0.02 second. In tests,
duration and velocity achieved were 540 rpm in 0.43 second, compared
with 475 rpm in 0.38 second.23

GENERAL DESCRIPTION OF THE A-2 AND THE BUMPER WAC COMBINATION

- (8) Since the BUMPER WAC was a-test vehicle, it was not fired at
a target. Being uncontrolled after expolsion from the V-2, the WAC's
accuracy was very poor, and the missile-had a large dispersion compared

to controlled missiles.

22, Haviland, Report Nr. 5040501, _%. cit., pﬁ. 8-9; Bank & Denison,
‘ Report NT. 4= -96, op. cit., pp. 5; CBS, Nr. 3, op. cit., p. 35.

.~ % Designation for ignition powder. .
23.. Haviland, Report Nr. 5040501, o op. cit., pp. 7, 9, 10; Bank &
Denigon, Report Nr. 4-96, op. cit., pp. 10-13; Shafer, Progress.
. Report Nr. 4-69, op. cit., pp. 1-8; CBS, Nr. 3, op. cit., p. 35.
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(S) In order to keep the missileUMacn Jhegw PG range, the fully

tanked BUMPER first stage was fired vertically. It then maintained an

102

angle of 2.5 degrees to the vertical, with the veldcity component paral-

lel to the earth directed north. When the first stage reached 4,150

ft/sec, the first stage thrust was reduced, and the second-stage motor

started. The WAC, uncontrolled except for its built-in stabllizing fea-
tures, then continued on its own independent trajectory.24 '
(S) The ground-launcher used was the normal V-2 launching table
without rails or guides. Four rails inside the V-2 nose acted as
launcher for the WAC. Three rollers ran in each guide rail, and the
rollers were free to move radially as the tracks deflected.2?
(C) The WAC structure consisted of the aluminum alloy tanks (air

.and propellant) joined by adapters, a laminated plastic ogival nose,

and an aluminum alloy monocoque tail reinforced by heavy aluminum rings

~and carrying four swept-back fixed tail surfaces.26

‘ (C) The total payload which the WAC could carry was determined to
be 50 pounds, which prohibited extensive instrumentation. The following
elements were sent aqut in the WAC's nose cone, which was approximately

43 inches long, 12 inches in outside diameter at the large end, and 4

. inches in outside diameter at the small end:

l. A Doppler receiver-transmitter (Verdoppler), designed and con-
structed by BRL/APG, thereby eliminating the V-2 Doppler instal-
lation.

2. A rudimentary telemetry system, formed by amplitude modulation

- of the doppler signal.

3. Provisions for telemetry of. the received signal strength. »
4. Provisions for the telemetry of the skin temperature of a metal
cone on the nose of the WAC, such data being selected as the
most important (from an engineering.standpoint) that could be

obtained with reasonable accuracy.27

24. Semi-Annual Progress Report Guided Missiles Program, 30 April, 1947,
g%o cit.’ pp- 37"38 *
25. id .

26. Ibid.
27. 1Ibid.
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V-2 BEING PLACED IN FIRING POSITION
U.S. Army Ordnance Proving Ground
White Sands, New Mexico

General Characteristics

Measurcments: Weights:
Overall 46.1 Ft. Warhead 2,150 lbs.
Diameter (Center Section) ' 5.4 Ft. Fuel (Total) 18,948 lbs,
Length External Fins 13.3 Ft. , Motor Unit 1,350 lbs.
Maximum Diameter Across Fins 11.8 Ft. Total Weight 27,376 1lbs.

Diameter Venturi Opening at Base 2.4 Ft.

Maximum altitude reached during first twenty-four (24) firings at
White Sands ~ 601,920 fr. - 114 miles. :
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(U) Due to the over-agkééélfjmthe BUMPER missile, it

appeared desirable to limit V-2 instrumentation to provide the three
following types of information needed to evaluate over-all performance:
. (1) perxformance of the V-2; (2) effect of changes in center of gravity
and pressure due to the addition of the WAC; (3) performance of the
;seéond-stage starting and separationlcomponents.28

{C) To provi&e the information needed, the following quantities
. were telemetered from the V-2: (1) turbine speed and motor pressure;
(2) four vane positions; (3) three component accelerations; (4) four

vane control signals; (5) three gyro signals; (6) separation sequence.29

FIRINGS AT WSTPG

.(C) BUMPER launching initially occurred on 13 May 1948, and the
lixth on 21 April 1949. The first two rounds had short-duration solid-
propellant rockets propelling the second stage, simulating the WAC in
,bsCructure, weight,-and center of gravity. Success in all details was
reﬁorded in the first round firing, but the second failed in the first
stage. | »

(C) Third and fourth rounds had the liquid-fuel WAC B motors,

. with 32-gecond burning time. These rockets were ballasted to maintain
normal weight and center of gravity. The third round failed because of
an explosion of the second-stage motor just prior to separation, and the
fourth round failed in the first stage.

~ .(C) . The last two rounds fired at WSPG had fully tanked second-
stage WAC's of 45-second burning time. The sixth failed in the first
stage, but the fifth was completely successful. This BUMPER WAC
reached an altitude of 244 miles above the earth's surface and attained

. & maximum velocity of 7,553 feet per second, the highest altitude and
mgreatest velocity ever.attained by a rocket missile to that datg.30

t

28. Ibid.

29, Tbid. See Document 12: Chart, "BUMPER Firings at WSPG"; and

: "~ Document 13: "Detailed Launching Accounts, BUMPER Round 5."

. 30. Haviland, Report Nr. 5040501, op. cit., pp. 20-27 (preparations for
. firing); pp. 28-40 (the firings); pp. 38-39 (conclusions & recom-

mendations) ; CBS, Nr. 5, 20 February 1948 to 20 April 1948, p. 31;

CBS, Nr. 6, 20 April 1948 to 20 June 1948, pp. 36-38; CBS, Nr. 8,

UNCLic oD
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TEST RESULTS UNCLASS!FIED

(C) Through BUMPER firings, it was learned that the speed of a
rocket or missile could be increased with each successive stage. A step~

rocket, fired when the assistant rocket was at a maximum velocity, it
was found, gave the final rocket a speed equal to that of all stages.
Idnumerable problems comnected with rocket motor ignition at high alti-
tude and attachment and separation of successive stages were solved
satisfactorily, providing a sound basis for later missile designs, re-
quiring similar experiments.31

(C) CGConstructing and firing these test vehicles were considered
to have proveh the stability of both stages up to approximately 7,500
ft/sec, stability during separation, and adequacy of structural design
in both ground and firing tests. Skin-heating data were obtained at
'.higher velocities than could have been obtained by other means. The
insulated nose of the second stage allowed doppler transmission through
maximum velocity and altitude. Doppler and telemetry data were obtained
up to maximum altitude. Temperature data on the WAC nose were obtained

up to Mach 6.32

~ -FIRINGS AT JOINT LONG RANGE PROVING GROUND, FLORIDA

(C) The remaining two rounds of the eight prepared for the BUMPER
Project were to be launched on a nearly horizontal trajectory for.aero-
dynamic research. The operation was scheduled for the Joint Long Range

Proving Ground, Florida. For the low-angle trajectory, the vehicle was

20 August 1948 to 20 October 1948, -pp. 35-36; Semi-Annual Progress
Report Guided Missiles Program, 30 April 1949, op. cit., pp. 36, 38,

- 39, 91, 165; Ibid., 31 October 1949, p. 36; Brown et al, "Develop=-
- ment & Testing at WSPG," op. cit., pp. 91-93; Patton, R. B. Jr.,

Report Nr. 504, "An Analysis of Spin Errors in the Dovap System
From the Record of BUMPER Round Nr. 5," passim, Ordnance Depart-
ment, BRL/APG, February 1950. .

"31. Browm et al, “Developing & Testing at WSPG," ope. cit., pp. 94-95;

‘ Semi-Annual Progress Report Guided Missiles Program, 31 October
1949, pp. 36, 38; Ibid., 31 December 1950, p. 56.

.32, See Note 30. : ,

O mNeUTtTED
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to be launched vertically and then at separation turned to an angle of
'68 degrees from the vertical. Predetermined burnout altitude was set
at 125,000 feet and peak altitude at 160,000 feet.

. (C) The first attempt to launch BUMPER Round 7 was unsuccessful
because of moisture collected within the missile. It was returned to
the hangar, dried, rechecked, and successfully fired on 29 July 1950.
‘Round 8 was fired on 24 July 1950 but was damaged on separation.

(C) The experiménts to be carried out on these missiles called
for a relatively low trajectory, with a separation angle somewhat
greater than 20 degrees from the horizontal. Because of a precession
of the pitch gyro, however, the program angle was increased. Round 7
separated at an angle of approximately 10 degrees from the horizontal,
and Round 8 at about 13 degrees. Notwithstanding the error in trajec-
tory, however, Round 7 attained a speed of Mach 9, the highest that had
ever been reached in the earth's atmosphere.33

: (0) AEROBEE inherited knowledge gained théough performance of the
WAC, which had already successfully demonstrated step-roéket techniques,
including launching and separation in a near vacuum during free flight,.
BUMPER proved the possibility of two-way communication beyond the D, E,
and F layers of the upper atmosphere (ionosphere). As a test vehicle,
BUMPER paved the way for later space probes and intermediate and inter-
continental missiles. (Ref. explanatory note, p. 74, for further informa-

.tion concerning AEROBEE.)34

.33. Brown et al., op. cit., pp. 94-95; Semi-Annual Progress Report
Guided Missiles Program, 31 October 1949, op. cit., pp. 36, 38;
Ibid., 31 December 1950, p. 56; Haviland, Robert P., Project HER-
MES, "Minutes of BUMPER Conference at WSPG, Las Cruces, New Mexico,
24-25 October 1949," passim, Long Range Proving Ground Division
(LRPGD) , Patrick Air Force Base, Cocoa, Florida; LRPGD Technical
Report Nr., "BUMPER Missiles No. 7 & 8, passim, LRPGD, Patrick
Alr Force Base, Cocoa, Florida. See Document 14 for detailed
account of BUMPER Rounds 7 and 8 firings.

34. Ordway & Wakeford, op. cit., pp. 209-210; Gatland, K. W., op. cit.,
pp. 67-69. Other missiles drawing heavily upon design information
first supplied by WAC CORPORAL were LARK, NATIV, and NIKE. Seifert,
Howard S., JPI. Publication Nr. 22, op. cit., p. 20.
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CHAPTER VII

(P

MISSILE XF30L20,000 - CORPORAL E

INTRODUCTION

(ﬁ) At the outset, as previously noted, the first type of experi-
mental missile, propelled by a solid-propellant rocket, was formulated
to enable the research staff at JPL to obtain pertinent aerodynamic and
structural data. These data were to be used in solving stabilization
and 1aﬁnching problems and to gain familiarity with the various other
problems connected with the ORDCIT Project. When initiating the task,
Dr. von K;rmén already envisioned a great forward step: "After the com-

pletion of this preliminary phase of research," he wrote, "the method

. of remote control of the missile (one of the central problems) should

_ be tackled." He estimated that a missile having a range of 30 to 40

miles would be necessary for reproducing technical requirements of the
prototype. In other words, such a missile was to be designed as a test
unit and used as a means of carrying out basic development work on con-
trols and launching.

- (U) By utilizing the data included in the 20 November 1943 studies
(Ref. note 4, Chapter I), on jet-propelled vehicles, Dr. von Kérm;n
estimated that a missile of approximately five tons gross weight would be

necessary for achieving the desired range. This missile, he thought,

would require a motor of a 60-second burning time and 20,000-pound

thrust.

(U) From past experience, it was believed that the only developed
type of rocket capable of meeting those specifications was the liquid-
propellant rocket burning the RFNA-aniline propellant combination.

" Already exhaustively tested and proved reliable, that type rocket might .

easily be adapted to Model XF30L20,000 with the least expenditure of

development work and time.l

] t
l. von Karman, Theodore, Memorandum Nr. 2, Research Program for the
Second Type of Long-Range Jet~Propelled Missile, XF30L20,000,
PP+ l-4, JPL/GALCIT, CIT, 20 August 1944. See Document 15 for
discussion of estimated performance of CORPORAL.
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(U) Preliminary study of feed systems for such large thrust like-

wise indicated that the most promising design consisted of turbine-
driven centrifugal pumps,* the turbine being in turn driven by combus-
tion gases from a combustion pot using a small fraction of the rocket

prdpellant. Aerojet Engineering Corporation was already developing a

"Turborocket",and JPL planned to utilize Aerojet's experience in adapt-"

ing a similar device for the CORPORAL.
(U) Dr. von Karman laid out a remarkably optimistic time schedule
"for Missile XF30L20,000, setting 1 March 1945 as the date firing tests

were to begin.2

THE CONTROL SYSTEM

(U) Overriding considerations in JPL's search for a technique for
controlllng rocket missiles dictated the devising of equipment for
acquiring as much information as possible regarding such control rather

. than a system capable of being used in the field for accurate control

and freedom from enemy interference. Of like importance was measurement

of the missile's behavior during flight; therefore, the telemetering
equipment to be installed in the unit was expected to provide informa-
. tion of value in later designs, and its use was not, of course, contem-
plated in field equipment.3
(U) The CORPORAL's trajectory could be divided into three parts:
(1) the vertical ascent, (2) powered trajectory at a decreasing eleva-
tion angle, and (3) parabolic path followed as a free projectile.
Transition from (1) to (2) required the application of an appropriate
control impulse, since the missile would be quite unstable durlng (1.
Moreover, if any sort of accuracy were to be attained, maintainlng
tight control over the trajectory during both (1) and the transition
‘period from (1) to (2) was obviously necessary. It was, therefore,

necessary to design a control system operating on the three axes of the

4*: See Document 15 for discussion of further development of this design.
2. 1Ibid. sSee Document 16 for details of XF30L20,000 and time schedule.
3. Pickering, W. H.;, Progress Report Nr. 4-15, "Control and Telemeter-

-1ng for "CORPORAL E,'" p. 1, JPL/GALCIT, CIT, 15 May 1945.

“UNCLASSIFIED
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missile for at least this portion of the trajectory. Such a control
system exercising control over yaw, pitch, and roll became a complete
automatic pilot. Three techniques for operating the pilot were pos-
sible:
1. Establishment of a predetermined trajectory and setting the
pitch angle as a function of time. The yaw axis would then be
maintained in a fixed azimuth and the missile would be roll-
stabilized.
2. Control of the pitch and the yaw by a radio sigrnal from a
ground station. Roll would be controlled by internal means.
3. A combination of 1 and 2.
The decision was that the third option be used.4

'(U) Accurate mapping of the actual trajectory was to be accomp-
lished by using two radar plotting boards, éne showing the projection
of the trajectory on the horizontal plane and the other the trajectory
in the vertical plane. Short-period deviations from the mean trajectory
were to be reported to the ground by radio signals from additional gyro-
scopes placed in the missile and such information suitably recorded.”

. (U) German experience had demonstrated need for external velocity
control near the target in order to attain accuracy. Accuracy was not
one of the prime objectives of this model, however, and it was decided
that the complicaﬁion introduced with velocity control did not warrant
its inclusion at the time.

- (U) Details of the various units of the control system were, for
the most part, to be supplied by Sperry Gyroscope Company, Inc.* To
some extent it was necessary to assemble the autopilots for the first
firings of the CORPORAL E from existing units because of the time ele-
ment. For this reason, the first system was to be completely pneumatic.6

‘(U) At low speeds aerodynamic control was impossible with the fin

structures necessary for high-speed flight. Hence, initial control was

4. Ibido’ PP 1“3- .

.50 _I-B_{a.c, ppo 2"3.

* See Document 17 for details of Sperry's early research and fabrica-
tion of the CORPORAL autopilot. Also, note mentions of CORPORAL-F
Turborocket.

60 Ibid‘, pp- 3"7-
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to be accomplished with vanes,placed in the jet, mechanically connectedl

_ to the control surfaces, and operated by the same servo motors.7

TELEMETERING

(U) A maximum of ten channels was planned for telemetering informa-
tion to the ground station during flight. 1In operation, the system was :
to present the information on a series of graphic recorders and thus ’
" give the operator an intimate missile behavior picture.8

(U) Throughout the missile's trajectory, the operator would thus
obtain information from two sources: radar plotting boards and tele-
metering recorders. From the first he would obtain the mean trajectory,
and from the second the fluctuations about this mean crajectory. With

this information, stability of flight (either with or without internal

' ~control), efficacy of the internal control, and effect of a given con-

trol signal, could be determined.

' (U) Control signals were to be sent to the missile by a mechanism
similar to an airplane stick, thereby affording the operator an opportu-
nity to observe the flight records and to send control signals to the
missile as necessary.9

(U) A switch was to be provided to disconnect a part, or all, of
the internal concrol. Operation of this switch would place the control
surfaces in neutral for observation of the stabiiity of uncontrolled
flight.

(U) During this planning stage, it was expected that the first
few firings of the CORPORAL E would be entirely on internal control.
Then was to come a definite program of study of the effects of yaw and
" pitch controls. Assuming satisfactory results, firings were planned

'with the operator attempting to hit a predetermined target.lo

) 7. . pp- 4 5-
8. Im.i p. 5.
‘90 Ibido’ PP- 6 7-
10. Ibid., p- 10.
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(U) For reference, the third phase of the ORDCIT Project was to be

a study of the ramjet type of propulsion unit. Information gained from
the first three phases was to be used for the design and construction of
" a jet-propelled projectile weighing 10,000 pounds or more and having a
range of approximately 75 statute miles. JPL investigated both ﬁhe ram-
jet and the ducted rocket types but decided upon a liquid-propellant
motor of the acid-aniline type as being more satisfactory than any other
for immediate development. Selection of a suitable feed system seemed,
however, to occasion some concern, even after the successful use of com-
pressed air to pressurize the WAC CORPORAL's propellant tanks.11

. (U) 1In response to an Ordnance Department request--23 May 1945--
that all agencies engaged in guided missile .development were to evaluate
" their programs, JPL undertook and subsquently reported its results. The
ORDCIT group was developing one basic guided missile, the CORPORAL; how-
ever, several modifications of this basic missile's power plant were
being considered:

1. CORPORAL E, which used a compressed-air propellant-pumping sys-

~ tem, already was in an advanced stage of engineering design and
fabrication of missiles was under way (as of November 1945).

2. CORPORAL F, which used a turborocket propellant-pumping system
and was in an early stage of engineering design, with fabrica-
tion of some components already initiated.

3. CORPORAL G, which used a gas-generation propellant-pumping sys-
tem and was to be carried only through a paper study by the

- ORDCIT Project. 12 '

(S) After considering the propellant feed systems, it was finally

decided that a liquid-propellant motor having an air-pressurized feed

-11. Miles, op. cit., pp. 55-56, 60-61; Brown et al, _%, cit., p.-'55.
12. Stewart, H. J., and Chien, W. Z., Memorandum Nr. -12, "The Esti-

mated Performance of the ORDCIT CORPORAL Series of Guided Missiles,"
pp. 1-5, JPL/GALCIT, CIT, 30 November 1945. See Document 15 for
discussion of further investigation of both gas-generation propel-
lant-pumping system and the turbopump.
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system and usin.g an acid-aniline combinatUncaLé\Sé‘glEauld con-

prise a more éatisfaptory propulsion system than any»other of those
dInvestigated. CORPORAL E's motor was to have 20,600 pounds of thrust
and a 60-second duration of burning time.

©(8) Originally, the field~test program for CORPORAL E called fou
firing 10 rounds during the latter part.of 1945 and early 1946. With.
the end of World War II in August 1945, however, a less stringent tim.
" schedule for the CORPORAL E program was decided upon. In the meanwhil .
the WAC CORPORAL was to be used to provide more information in order =.
improve the CORPORAL E design.13

(U) WAC CORPORAL's development, for example, demonstrated the b-

~ soundness of the missile's propulsion system and the reliability of t:
acid-aniline-furfuryl‘alcohol combination as propeliant. The air tarl.
relocation forward of the propellant tanks in WAC B éarried over to CI.
PORAL E. Individuai tanks for air and propellants in WAC B were used
CORPORAL E. New materials, improved hardware, and more efficient man-
facturing techniques in fabricating the propulsion system of WAC B co:-
tributed to CORPORAL E's development. An outstanding example was ths
burst-diaphragm starting valves, which pérsisted throughout CORPORAL
development. Since WAC CORPORAL was a scaled-down version of the
larger missile, WAC contributed considerable knowledge of aerodynamic

forces and trajectories.14 ‘

CORPORAL E FIRINGS AT WSFPG

(S) The ORDCIT Project had been a cooperative enterprise from i:
initiation. Airframes for the original CORPORAL E rounds were design-

at JPL and fabricated by the Douglas Aircraft Compény, Santa Monica,
California. Rocket motors and certain other parts were designed and
built at JPL. Sperry Gyrosocope Company, Great Neck, Long Island, Nec--
" York, supplied the autopilot. Army Ordnance, APG, furnishéd a Dopple-
Velocity and Position (DOVAP) transponder, and the Signal Corps

13. Brown et al, op. cit., pp. 55-56. '
14. Ref. Chapters IV and V for WAC CORPORAL developments.
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Laboratories, of Fort Monmouth, New Je!!ey, provided a radar tracking

beacon. JPL supplied the telemetry equipment. After checkout, the mis-

siles and equipment were shipped to WSPG for field tests and firing.15

(Ss) The first CORPORAL E round was fired on 22 May 1947. This was
the first ORDCIT test vehicle incorporating command guidance and the l
first American-designed, engineered, and fabricated surface-to-surface
missile. Test results were completely satisfactory: and the missile
performed above expectations. An altitude of 129,000 feet was reached
and the missile impacted within 2 miles of a target range of 62.5 miles.

After 160 seconds of flight, a radar control signal was given to deflect
the missile to the left, and it responded to the command.16
(C) CORPORAL E Round 2 was fired at WSPG on 17 July 1947, at 1030

hours. The following summarizes JPL's report of the firing:17

»seSince the assembly and handling proceeded in a manner
similar to that of the first round and since no significant
changes had been made in the design, it was expected that the
firing would take place as previously. However, after the
closing of the firing circuilt, a starting delay of about 8
to 10 seconds was observed. The rocket motor then started,
but insufficient thrust was developed, and the test vehicle
stood burning in the launcher for about 90 seconds. At the
end of that time, sufficient fuel had been exhausted to
equalize weight of the vehicle to thrust. CORPORAL E then
rose in a short trajectory, tilted over, and impacted a few
hundred yards east of the launching area.

From the telemetered data of the ajr-tank pressure and
rocket-motor chamber pressure, it was seen that the rocket-

. motor chamber pressure was of sufficient magnitude at the
start of burning to be marginal for takeoff. There was, in
fact, some evidence that the test vehicle left the launcher,
rose into the air approximately % inch, and then dropped back
to the stand.

15. Brown et al, op. cit., p. 55. See Document 18 for "Early Troubles
Encountered by the Outside Fabrication Department, JPL/GALCIT."

16. 1Ibid., p. 56; Technical Bulletin, '"Army Ordnance Department Guided

Missile Program," 1 January 1948, p. 37. See Document 19 for COR-
PORAL E firings.

~ 17. Combined Bimonthly Summary (CBS), Nr. ‘1, 20 June 1947 to 20 August

1947, pp. 70-71, JPL/CIT, 15 September 1947; JPL Report Nr. 20-100,
op. cit., pp. 2-4. .
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CORPORAL E ROUND NO. 1 BEING FIRED
U.S. ARMY ORDNANCE PROVING GROUND
WHITE SANDS, NEW MEXICO

General Characteristics

Type Surface-to-Surface Weight, over-all “11,700 1bs.
Range (Rnd. No. 1) 62% miles Length, over-all 39', 2-3/8"
Altitude (Rnd. No. 1) 24 miles Diameter, center sec. 30"
Maximum Velocity 2695 -ft/sec Payload 300 to 500 lbs.
Thrust 20,000 1b. Weight, fuel 1768 1bs.
Burning Time . 60 sec. Oxidizer 4668 1bs.

Air 256 1bs,

- Guidance ~ Preset auto-pilot with overriding radar command control

UNCLASSIFIED



Sl

UNCLASSIFIED

It was concluded that a major malfunctioning of the air-
regulation system (i.e., the main air regulator) had occurred.
Since not all parts of the air-regulation system were re-
covered intact following the impact, it was difficult to
ascertain in detail the nature of the failure.

(C) The launching of CORPORAL E Round 3 on 4 November 1947 was

116

partially successful. Up to 43 seconds after launching, performance
was satisfactory. At that time the rocket motor suddenly ceased burn-
ing, and the missile's range was reduced to just over 14 miles from a
predicted 60 miles, and the maximum altitude attained to 66,000 feet, as
compared to Round 1's 129,000 feet. Telemetering records indicated.
violent fluctuations of high amplitude and high frequency in the motor
chamber pressure after 10 seconds of flight.18

‘(C) At the completion of the third round, the Ordnance Department
became interested in developing the design to serve as a pilot program
.bfor more extended construction or, at least, as an educational program
ih manufacturing methods and tooling. . Also intended was that the con-
struction would employ information gained in the development of the
earlier rounds in order to improve performance and reliability. With
these ideas in mind, the Ordnance Department 1e§/§ contract to the

Douglas Aircraft Company for the fabrication of seven additional rockets.l?

INTERIM DEVELOPMENT BEFORE THE FIRING OF ROUND 4

The Rocket Motor

. (C) CORPORAL E's first three rounds were powered by a regenera-
" tively cooled motor weighing 650 pounds, a unit essentially consisting

of a scaled-up version of the WAC CORPORAL B's motor to step up its
1,500~pound thrust to a thrust of 20,000 pounds. Helical passages out~
side the chamber wall circulated liquid fuel aniline-furfuryl alcohol
-asra coolant. Although the firing of Round 1 was successful beyond

18. CBS, Nr. 2, 20 August 1947 to 20 October 1947, p. 36; CBS, Nr. 3,
20 October 1947 to 20 December 1947, pp. 30-32, 39-40; Brown et al,
op. cit., pp. 57-58; JPL Report Nr. 20-100, op. cit., p. 4.

.19. Dunn, Louis G., Meeks, Paul J., and Denison, Frank G., Jr., ORDCIT
Project Memorandum Nr. 4~59, "Present Status of the CORPORAL Devel-
opment,'" p. 1, JPL/CIT, 17 March 1950.
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expectations, the next two rounds experienced difficulties in the pro- .
pulsion system. Moreover, the motor was much too heavy, difficult to
fabricate, and subject to burnout of its throat because of the failure
of the helical cooling coils to cool the throat region. Designing a
liéhtweight motor, therefore, became a prime JPL objective.zo

(C)' Approximately one and a half years elapsed before the firingf
of Round 4. Prior to the development of the 650-pound motor, four !
scaled-up versions of WAC B's motor, weighing 200 pounds each, had beeﬁ
designed and fabricated. Due to their lightweight construction, how-
ever, none was satisfactory for vehicle use after proof firing. It was

to overcome such failures that the heavy 650-pound version was designed.

. Several other rockets motors of a modified heavyweight design, weighing

450 pounds and combining features of the two basic designs mentioned
above, also failed during static firings, in each instance from throat
burnout . 21

(C) While the 450-pound versions were undergoing proof tests,
design of a completely new motor weighing but 125 pounds was completed,
and it was first flown in Round 4. This motor used the same type of
propellants and employed the same fuel combination as coolant, but the
cooling passages provided axial flow. 1In addition, since the former in-
jector was incompatible with the lightweight motor, the new motor's in-
'jebpor was of a completely new design. The redesigned injector, which
became standard for the CORPORAL motor, had 52 pairs of impinging jets
and gave a resultant momentum angle of the propellants of about 2.5

degrees toward the chamber wall.22

20. Pickering, JPL Report Nr. 20-100, op. cit., pp. 57-58; Dunn, Meeks,
. & Denison, JPL Memo Nr. 4-59, op. cit., p. 1; Dunn & Meeks, JPL
Report Nr. 4-45, op. cit., p. 5.
21. 1Ibid.

22. CBS, Nr. 6, 20 April 1948 to 20 June 1948, pp. 32-33; JPL Report
Nr. 20-100, op. cit., pp. 4-5, 55-58; Dunn, Meeks & Denison, Memo
Nr. 4-59, op. cit., pp. 1, 5- 6 Brown & Others, op. cit., p. 58;
Semi-Annual Progress Report of the Guided Missiles Program, D/A,
30 April 1949, pp. 69-70.
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(8) The tail area was increased as a result of experience gained

from the first three.firings,vand the boattail design was replaced by

a straight cylindrical aft end. Jet vanes and holders were modified
also. In the control system a pneumatic piston replaced the rotary air
motor and the gear box. In the redesign, truss-type structures were

used wherever possible to alldw better access to the space wherein the
payload, instrumentation, and propulsion system were housed. Addi- _
tionally, a considerable advantage was obtained in the ease of assembl-
ing the vehicle, since, with such a method of construction, off-the-
shelf, interchangeable assembly was made possible without any weight
sacrifice. In the matter of weight reduction, the tanks were constructed

. of stronger, but lighter, materials.Z23

Launching and Handling
. SS) CORPORAL E rounds fired, that is, the first three, were

lgggshpd from a vertical position on a platform having bearing surfaces
engaging the extremities of the fins. Its platform rested .over a pit
designed to accommodate the jet stream at takeoff. A gantry crane was
used to handle the missile. CIT had designed both pit and crane, and
the Corps of Engineers had built both.

(8) Missile redesigns resulted in changes in launching technique:
On the CORPORAL E redesign subsequent to the first three firings, a
decrease in vehicle weight was expected to allow an increase in burnout
velocity, which, in turn, required the provision of larger fins. This
change demanded launcher modification and led to a review of launching
techniques aimed at reducing the severe static loads imposed on the

fins. Objectives were to achieve a decrease in fin weight per unit

_area, thereby conserving the assumed reduction in vehicle weight. A

method of launching was developed involving four 10-foot~long struts
spaced equidistantly about the missile and each set at an angle of
approximately 39 degrees from the vertical, providing support at points

.

23~ Brown et al, op. cit., p. 58; Semi-Annual Progress Report Guided
Missi1€s ProgTam, 30 April 1949, op. cit., pp. 49, 173-174; Dunn,
Meeks, & Denison, Memo Nr. 4-59, op. cit., pp. 6-7.
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about one-fifth of the way up the missile's body. Virtually, then,
.these supports, which actuated by springs and swung backward after the

missile had risen four inches, were to be left at the launcher instead

of accompanying the vehicle in the form of over-strength fins. Further-
moré, the skin of the aft body, not being stréssed as formerly, could be
provided with inspection covers, making the space accessible for servic-f
.Ing the equipment contained within. This launcher modification was com-"-
plete prior to the firing of the first (Round 4 of the firing series) of
the seven production type missiles being fabricated by Douglas Aircraft
and scheduled for delivery in May 1949.2%

FIRINGS RESUMED

(S) CORPORAL E Round 4, or the first production round, was fired
- at WSPG on 7 June 1949 and veered to the left of vertical almost imme-

diately after takeoff. It rolled at about 15 seconds, and at 23 seconds
radio destruct was effected as a safety measure. Telemetering records
showed that the control system's performance had differed radically

from that anticipated. Later, at the ORDCIT Test Station at Muroc,
California, a static test was made to check out the various autopilot
‘components. This test proved conclusively that the system was marginal
in its reliability and that its continued use in the remaining‘six rounds
was not justified. Insomuch as the dévelopment éf the autopilot for the
SERGEANT was well along, é decision was made to suspend further launchings
of the CORPORAL E and to modify the SERGEANT device for use in the COR-
PORAL E program. In a static test of an aft section assembly exactly
like that used in Round 4, it was found that the jet-vanevmovement was
four times greater than expected. JPL personnel determined that the
;flame had entered the control mixer, burned awéy some of the pneumatic

‘tubing, and softened the springs of the control system mixer bar. That

24. Semi-Annual Progress Report Guided Missiles Program, 30 April 1949,
op. cit., pp 48, 95-97; Ibid., 31 October 1949, pp. 50, 109; Dunn,
Meeks, & Denison, Memo Nr. 4-59, op. cit., pp. 7, 10. (This

. launching technique was refined and retained throughout CORPORAL
system development and incorporated in the tactical CORPORAL's
launcher.)
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a new jet-vane holder and a protective leNQLASSIFanuired

~on the aft end of the missile was plainly indicated.??

FIRINGS AGAIN INTERRUPTED

;'(S) During the ensuing thirteen months, improvements were éffecteé.
The all-pneumatic control system, fot instance, was abandoned for the
electro-pneumatic autopilot designed at JPL. Because of the many chaﬁgés
to be incorporated in Round 5, a static test was conducted at WSPG in
June 1950. Shortly after the motor ignited, an aniline line broke in
the aft end of the missile and caused a fire which engulfed the missile
briefly. This failure was attributed to vibration, and special precau-
tions were taken in rebuilding Round 5 to obviate the possibility of a
recurrence, although it was realized that vibration environment in

flight would probably differ from that of the static test. 20

DEVELOPMENTS 1IN WASHINGTON

A " (S) 1In September 1949 Dr. Louis G. Dunn, JPL's Director, and some
of his staff met with Major General (then Colonel) H. N. Toftoy of the
Mis§11es and Rockets Branch, Office, Chief of‘Ordnance (0CO) at the
_Pentagon, Washington, D. C. General Toftoy expressed disappointment at
the development progress of guided-missile weapon systems in this country,
and, in view of the increasing international tension, the Army Ordnance
Department desired JPL to undertake the development of a guidance sys-

. tem for the CORPORAL on a '"crash program." He also stated that a Cir-
cular Probable Error (CPE) of 1/2 mile or less probably would be con--
sidered acceptable and stipulated that existing components and tech-'
niques should be used when and wherever possible in order to demonstrate
the technical feasibility of these requirements at the earliést date.

' (S) At the beginning of 1950, the Defense Department denied the
Army Ordnance request that the CORPORAL E be listed as a weapon devel-

opment program. Therefore, it was impossible to pursue such a program

- 25. Brown et al op. cit., p. 58; JPL Report Nr. 20-100, . cit., p. 6
Dunn, HeeEs, & Denison, Memo Nr. 4-59, op. cit., pp. 2, 8.

26. Brown et al, op. cit., pp 58-59; JPL Report Nr. 20-100, op. cit.,
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with priority ratlng equal to that enjquQy other mlssile programs;

hence the technlcal'development of the system was retarded during the
next saveral months. General Toftoy and other Army Ordnance officers
held to the belief that the CORPORAL system development should be con- -
tinued activély and gave the program as much support as possible.27

(8) 1In this September 1949 review of all Ordnance surface-to-sur-
face missile programs, the intent was to determine the best approach to
meet an operational capability by July 1954 for a system capable of car-
rying a 1,500-pound warhead to medium ranges, with probable error in
both range and azimuth of less than 1,000 feet at maximum range. At
this time, Ordnance had under way at the General Electric Gompany a
development of a long-range surface-to-surface missile system known as
thé HERMES Project. The HERMES airframe apd propulsion system were not
as advanced as similar components of CORPORAL E, whose airframe and pro-
‘ pulsioﬁ system had demonstrated reliability in four launchings and .
numerous static tests. Ordnance, therefore, concluded that the best pos-
sible approach for reaching the July 1954 operational capability was the
modification of the CORPORAL E rocket to an iInterim guided system. Since
time was a pressing factor, the developer of the CORPORAL E rocket was
, naturally selected to convert the test vehicle to’a weapon system.28

(s) Despite the somewhat negative -attitude of the Defense Depart-
ment, a letter from OCO to JPL/CIT, dated 18 January 1950, outlined an
accelerated program for the development of the CORPORAL E rocket into a
‘guided missile system. Thils project was to include a projected test
firing program to demonstrate a satisfactory guidance system. The be-
ginﬁing of the Korean War (24 June 1950) increased the emphasis on the

newly inaugurated development of the CORPORAL E into a lethal missile.29

27. JPL Report Nr. 20-100,_ op. cit., p. 6.

28, Technical Report, "Ordnance Guided Missile & Rocket Programs, Vol.

) III, 'CORPORAL,' Inception Through 30 June 1955," pp. 1-2. (Devel~
opment of the CORPORAL guided missile system was conducted by JPL
under Contract Nr. DA-04-495-ORD-18, initiated by Letter Order (LO)
dated 5 October 1950, with the definitive contract dated 2 January
1951.) (Ref. Ibid.)

29. Ibid.
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(S) Round 5 CORPORAL E was finally fired on 11 July 1950 to a
range of 51.2.miles, 3.45 miles short of that expected. Reduced propel-

lant flow rates after 30 seconds of flight cut down on over-all peiform—‘

ancé of the missile. This malfunction resulted from the failure of the ~

disconnect air coupling designed to bleed air from the air tank. How-
‘ever, this round demonstrated the new JPL electronic autopilot. No
ground guidance was provided for Round 5, although a Doppler transponder

and an AN/DPW-1 radar beacon, modified In accordance with the HERMES

A-1l missile requirements, were carried as passengers.3o

(S) JPL's recital of the misadventures of Round 6 is worthy of
quoting:31 .
Round 6, fired on 2 November 1950, impacted at 35.9 miles,
approximately 34 miles short. 1In later static tests it was
demonstrated that both Rounds 5 and 6 apparently had dome-
loader regulator failures, causing overrich mixture ratios;
in addition, a failure of the air-line discomnect coupling
had caused loss of air. In Round 6, the radar beacon was
"used to provide azimuth overriding guidance, which operated
satisfactorily until the f£light beacon transmitter failed at
36 seconds. The azimuth error was 126 feet east at impact.
The Doppler beacon was provided to initiate shutoff of the
flow propellants to the rocket motor when the missile had
achieved a velocity calculated to carry it to the target in
ballistic trajectory. However, the missile did not reach a
velocity sufficient to effect shutoff of the propellants at
the predetermined velocity. Furthermore, the Doppler beacon
itself failed at 24 seconds. Finally, the telemetering equip-
ment ceased operating at 48% seconds. The most significant
aspect of this round was the fact that all electronic equip-
ment failed, apparently because of the extreme vibration
inherent in the flight environment.

(8) A range of 63.85 miles, five miles short of its target, was
reached by Round 7 in January 1951. This missile began to roll at 40
» seconds because of failure of the connection from the central power

supply to the autopilot. The ground radar furnished some erroneous

30. JPL Report Nr. 20-100, op. cit., p. 6; Brown et al, op. cit., p. 58
_ Technical Rep